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New Directions in Anesthesia Subspecialty Training? 


J. G. Reves, Mp, and Michael Nugent, MD 


Key Words: EDUCATION—specialty training. 


The academic year 1988-1989 inaugurated an obliga- 
tory (CA-3) year of training in clinical anesthesia for 
American Board of Anesthesiology (ABA) certifica- 
tion. Thus, to be American Board of Anesthesiology 
eligible, a resident must complete a continuum of 
education in anesthesiology consisting of four years 
of training subsequent to the award of medical or 
osteopathic degree. The curriculum includes 12 addi- 
tional months of non~anesthesia clinical training 
(clinical base) and 36 months of gradual and increas- 
ingly complex clinical training in anesthesia (CA-1, 
CA-2, and CA-3 years). The new CA-3 year in the 
ABA educational continuum is termed the “advanced 
anesthesia training’’ experience. It may be con- 
structed in one of three ways: 1) advanced clinical 
track, 2) subspecialty. track, or 3) clinical scientist 
track. The ABA has identified obstetric anesthesia, 
pediatric anesthesia, cardiothoracic anesthesia, neu- 
roanesthesia, anesthesia for outpatient surgery, re- 
covery room care, intensive care, regional anesthesia, 
and pain management as clinical subspecialty areas 
appropriate for the CA-3 year (1). A trainee in the 
new curriculum can spend blocks of time from 2 
months of 12 months in one of the eight subspecialty 
disciplines. The subspecialty clinical track consists of 
9 to 12 months in one subspecialty or 6 and 6 months 
in each of two subspecialty areas. 

Any educational change can have one of two 
results: better or worse. Although some have argued 
that the length of this new curriculum will not appre- 
ciably change anesthesia training, this conclusion is 
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in our opinion unlikely. Whether lengthening of th 
curriculum will have a positive effect on overa 
anesthesia training remains to be proven: We suspe: 
that an additional year of training might produc 
better “general” anesthesiologists. However, the px 
tential for a negative effect on subspecialty training 
real, so real it deserves discussion with, perhap: 
either solution or avoidance of the problems we se 
facing subspecialty training in anesthesia. We suspe: 
that these problems exist outside the USA; indeec 
they face anesthesia educators throughout the work 

The goal of subspecialty training is to teach tl 
residents a clinical practice complete with requisii 
skills as well as a body of knowledge that can t 
found in the literature: general anesthesia textbook: 
subspecialty anesthesia textbooks, general anesthes: 
literature, subspecialty anesthesia journals, and mec 
ical specialty journals. Although there is no certifici 
tion process for anesthesia subspecialties except fc 
those involving critical care, there most certainly is 
body of knowledge in each subspecialty that can onl 
be mastered by some variable (most assuredly) bt 
finite (just as assuredly) time of study. Likewise the: 
must be some requisite, as vet undefined but neve 
theless real, period of time required to achieve trv 
expertise in each clinical subspecialty. To gain tt 
knowledge and to master clinical skills required i 
subspecialty practice certainly requires at least or 
year, but without examination and certification pri 
cess whether this year is indeed long enough for a 
subspecialties cannot be proven. 

Why is a year of subspecialty training the min 
mum required? The answer is that even the mo: 
gifted anesthesia resident needs this time to read tł 
anesthesia and related literature (e.g., in cardi: 
anesthesia there are at least six journals) with whic 
this subspecialist must be familiar, and a host of text: 
Also, within the course of a few months (three to si: 
say), the resident will not encounter first or secon 
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hand (via his fellow subspecialty physicians) the 
number of cases required to provide the experience 
necessary to have the confidence and competence 
that comes only from “having been there.” We know 
no minimal number of cases, types of cases, or 
clinical encounters with complications that are re- 
quired to achieve the necessary experience, but in 
years past it has been generally agreed that 6 to 12 
months were necessary to obtain this clinical exper- 
tise. Previously, this 6 to 12 months of experience was 
obtained during an elective CA-3 year. As the num- 
ber of cases available during the CA~3 year remains 
virtually unchanged, but the number of CA-3 resi- 
dents exposed to them will significantly increase with 
the new curriculum mandating a CA-3 year for all 
residents, the quality of subspecialty clinical experi- 
ence will be inevitably diluted so that 6 months 
exposure, once considered adequate, will now be- 
come inadequate. 

Another problem centers around the fact that 
research is an important if not essential element in 
the training of subspecialty residents. If residents are 
not trained to do research during their anesthesia 
residency, how will they learn this activity so abso- 
lutely necessary to the advancement of our specialty? 
Subspecialty research is the most likely vehicle by 
which clinical research can be conducted since clinical 
research requires the cooperation of surgeons and 
others in the operating room. Subspecialists by their 
clinical commitment have earned the cooperation of 
coworkers who not only facilitate the research but 
intellectually contribute to it. The subspecialty sur- 
geon and anesthesiologist know the important ques- 
tions and together can answer them in a joint effort 
that is less easily achieved without the subspecialty 
collaborative link. Because research is vital to the 
subspecialty trainee, he or she must be given ade- 
quate time to participate in it. We believe a minimum 
of one year is required for the trainee to have ade- 
quate exposure to clinical research in order to be able 
to successfully conduct independent clinical research 
programs following completion of training. Basic 
science or bench research is also a desirable element 
in the subspecialty training, but this requires at least 
yet another year of total commitment to the learning 
of basic science investigation. In cardiovascular anes- 
thesia subspecialty training, for example, by working 
in the laboratory of an established investigator in an 
area such as myocardial metabolism, the trainee will 
gain essential investigative experience. The trainee 
would be expected to master the requisite knowl- 
edge, skills, and method of laboratory research, in- 
cluding the “art” of grant procurement. Thus, the 
duration of subspecialty training depends on the 
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objectives and while one year might be adequate in 
some instances, as much as three years might be 
required, a fact not taken into account in the new 
ABA-mandated CA-3 year requirement. 

We predict that another problem facing subspe- 
cialty training will be a decrease, nat increase, of the 
absolute number of CA-3 trainees who “elect” to 
spend 6 to 12 months in subspecialty training. This 
decision may not be by the residents’ own volition 
but simply a result of the program directors’ need to 
incorporate the greater number of residents at the 
CA-3 level into the various subspecialty training 
areas. The CA-3 year is an advanced anesthesia 
training experience that requires resident assignment 
to have more difficult or complex anesthesia proce- 
dures, many of which are in the subspecialty areas. 
The ability to accommodate CA-3 residents for a full 
year’s tenure in a single subspecialty is hampered by 
the fact that there is the need to rotate all or most 
CA-3 residents through subspecialty services to fulfill 
the ABA requirement of increasingly difficult cases. 
Thus popular subspecialty rotations where one or 
two CA-3 residents had spent an elective year previ- 
ously (prior to the new curriculum) may indeed be 
staffed by four to eight residents spending only 2 to 3 
month rotations on the particular subspecialty ser- 
vice. Whether this will indeed happen needs to be 
determined. As we do not know the optimal number 
of subspecialty anesthesiologists, the reduction in the 
number trained each year does not necessarily signify 
a negative effect of the curriculum, but we believe this 
is a major concern. The net result may be that with 
the new curriculum we may not produce enough 
well-trained anesthesia subspecialists. 

The addition of a dedicated subspecialty fellow- 
ship program to be completed after the CA-3 year 
might reestablish the training of a group of subspe- 
cialists dedicated to the clinical practice and research 
specific to their subspecialty areas. After completion 
of a post CA-3 subspecialty fellowship, these trainees 
would move into either private practice or academics 
with levels of expertise and enthusiasm that would 
allow for continued growth and development of 
anesthesiology into new areas. It would not be nec- 
essarily expected that all who practice in a subspe- 
cialty area have subspecialty certification or that sub- 
specialists would only practice in their areas of 
expertise. Within any anesthesia group in an aca- 
demic or community hospital, graduates of the fel- 
lowship year would be leaders keeping up with a 
rapidly expanding body of knowledge and providing 
leadership in their area of subspecialization. 

We propose the following steps to address our 
concerns about the direction the new curriculum 
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takes in subspecialty education. First, data regarding 
the effect of the new curriculum on the number and 
duration of study of residents in subspecialty educa- 
tion must be gathered. It is relatively easy to record 
the change (if any) that is wrought by the curriculum 
on the number of trained subspecialists. Second, the 
education committees of the various anesthesia sub- 
specialty organizations should develop curricula and 
propose guidelines for tenures of clinical exposure. 
Third, the feasibility and necessity for creating a 
CA-4 fellowship for the training of subspecialists 
must be explored by program directors, the ABA, and 
educators in anesthesiology. Funding for the addi- 
tional year needs to be justified and secured. Fourth, 
the question of whether anesthesia subspecialty cer- 
tification is necessary must be answered. We have 
ABA sanctioned certification in critical care; should 
we have it for the other anesthesia subspecialties? 
The answer to this question would reveal whether, in 
fact, the new curriculum has favorably affected edu- 
cation in anesthesia subspecialties. We think it is time 
to develop subspecialty anesthesia curricula, estab- 
lish training guidelines, and plan subspecialty certi- 
fication. 

In summary, a prosperous anesthesia subspecialty 
training is vital for the development of clinical and 
academic excellence in anesthesiology. There have 
been great advances in subspecialty training in the 
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recent past and this must continue as the anesthesia 
training programs evolve. As subspecialty anesthesia 
practices have matured, quality of clinical care and 
the professional esteem in which we are held by our 
colleagues in other medical specialties has improved. 
We share the view stated by the cardiac surgeon Dr. 
John Kirklin, “For the anesthesiologist to reach his or 
her potential and for the patient to receive the best 
care, the anesthesiologist should be a specialist in 
cardiovascular anesthesia and supportive treatment” 
(2). This opinion applies not just to cardiac anesthesia 
but to all subspecialties of anesthesiology. Certainly 
we do not need to train only subspecialists, but we 
must educate a significant number if the field of 
anesthesiology is to progress at an optimal rate. We 
need to ask if the new ABA educational continuum 
will educate better subspecialists, more or less sub- 
specialists, and if the new ABA curriculum will lead 
us in the direction of better subspecialty training: we 
are fearful that the answer is no. 
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Patients with ischemic heart disease who present for surgery 
are frequently managed with a “high dose” narcotic tech- 
nique utilizing fentanyl or sufentanil in combination with 
neuromuscular blockade. Narcotic anesthetic induction has 
been associated with perioperative cardiac conduction distur- 
bances, particularly in patients previously treated with 
calcium channel andlor beta-adrenergic antagonists. The 
purpose of the present investigation was fo examine in 
chronically instrumented cogs the effects on systemic and 
coronary hemodynamics and regional contractile function of 
sufentanil alone or in combination with the nondepolarizing 
neuromuscular blocking agent vecuronium, with and with- 
out pretreatment with the calcium channel blocking agent 
diltiazem, and/or the beta-adrenergic antagonist propranolol. 

Thirty-six experiments were conducted in four groups of 
19 chronically instrumented dogs. Administration of sufen- 
tanil (25 and 50 pg/kg of normal body weight IV) resulted in 
a significant sinus or junctional bradyarrhythmia without 
alteration in systemic and coronary hemodynamics. Pretreat- 
ment with propranolol (1 mg/kg IV) decreased left ventricu- 
lar +dP/dt without other hemodynamic alterations. After 
propranolol pretreatment, sufentanil (25 and 50 pg/kg IV) 
produced statistically significant dose-dependent decreases in 
heart rate and +dPldt, while increasing mean and diastolic 
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coronary vascular resistances. After pretreatment with dilt- 
iazem (0.3 mgikg IV) and propranolol (1.0 mgikg IV), 
sufentanil (25 pg/kg IV) produced significantly greater 
bradycardia (38 + 4 beats/min) than it did in non-pretreated 
or propranolol-pretreatment dogs. Similarly, administration 
of sufentanil (25 jug/kg IV) in combination with vecuronium 
(0.1 mg/kg IV) after propranolol and diltiazem pretreatment 
resulted in the appearance of bradyarrhythlmias (32 + 2 
beats/min) and two episodes of asystole, responsive to atro- 
pine sulfate (0.4 mg). In spite of severe bradycardia, arterial 
pressure was well maintained in all groups. In all groups, 
administration of naloxone (0.2 mg/kg IV ang 0.2 mg/kg IM) 
after sufentanil produced significant increases in arterial 
pressure, left ventricular +dP/dt, and diastolic coronary 
blood flow velocity. 

Therefore, the combination of sufentanil and vecuronium 
in chronically instrumented dogs may result in the appear- 
ance of cardiac conduction disturbances. This action is more 
likely to occur after pretreatment with diltiazem and pro- 
pranolol, Although systemic hemodynamics were well main- 
tained in dogs in the present study during the episodes of 
bradyarrhythmias, potentially significant cardiovascular def- 
icits may occur in patients with coronary artery disease or 
those with valvular heart disease dependert on a greater 
heart rate for maintenance of cardiac output. 


Key Words: ANALGESICS, SUFENTANIL. 
ANESTHETICS, inrraVENOous—sufentanil. 
HEART—-pILTIAZEM. PHARMACOLOGY— 
diltiazem. NEUROMUSCULAR RELAXANTS— 
vecuronium. 


Previous studies have demonstrated the efficacy of 
combined calcium channel and beta-adrenergic block- 
ade in the treatment of ischemic heart disease (1-3). 
Patients with such ischemic heart disease who 
present for surgery are frequently managed with a 
“high dose” narcotic technique in combination with 
neuromuscular blockade. Such techniques frequently 
employ the narcotic agonists fentanyl and sufentanil 
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and are associated with hemodynamic stability and 
low heart rates (4), thereby minimizing perturbations 
in myocardial oxygen supply and demand (5). How- 
ever, narcotic anesthetic induction has been associ- 
ated with malignant perioperative conduction distur- 
bances including bradyarrhythmias resulting in 
hypotension after the administration of sufentanil 
and vecuronium (6,7) or fentanyl and pancuronium 
(8). In these reports, all patients received either 
beta-adrenergic antagonists alone or in combination 
with slow channel calcium blocking agents. The po- 
tential for adverse interactions of such combined 
beta-and calcium channel blockade has been previ- 
ously described (9). 

Most studies of the cardiovascular pharmacology 
of narcotic agonists, neuromuscular blockers, beta- 
adrenergic blockers, and calcium channel blockers 
have been conducted in acute, open chest prepara- 
tions with an unrelated baseline anesthetic. Pro- 
foundly different hemodynamic states exist between 
conscious and anesthetized animals (10). The pur- 
pose of the present investigation was to examine the 
hemodynamic and electrocardiographic (ECG) effects 
of sufentanil alone or in combination with the non- 
depolarizing neuromuscular relaxant vecuronium, 
with and without pretreatment with the calcium 
channel blocking agent diltiazem, and/or the beta- 
adrenergic antagonist propranolol in chronically in- 
strumented dogs. In addition, the actions of narcotic 
reversal by naloxone on hemodynamics and ECG 
responses were also evaluated. 


Materials and Methods 
General Preparation 


Anesthesia was induced in 19 conditioned, fasting 
mongrel dogs weighing between 22 and 30 kg with 
sodium thiamylal (10 mg/kg of normal body weight 
IV). After tracheal intubation, anesthesia was main- 
tained with halothane (1.0% to 1.5%) in oxygen with 
use of a semiclosed circuit with a Monaghan 300 d/m 
ventilator. Arterial blood gas tensions were main- 
tained within normal limits during surgery and in all 
experiments by adjustment of ventilation and admin- 
istration of 1.5% sodium bicarbonate, as required. 
Under sterile conditions, a thoracotomy was per- 
formed in the left fifth intercostal space and the lungs 
gently retracted. The heart was supported by a peri- 
cardial cradle and heparinized catheters were in- 
serted into the thoracic aorta and right atrium for 
measurement of aortic blood pressure and for intra- 
venous drug administration. 
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A 1.5- to 2.0-cm section of the proximal left ante- 
rior descending coronary artery (distal to the first 
diagonal branch) was carefully isolated by blunt dis- 
section. A Doppler ultrasonic flow transducer (20 
MHz) (Hartley Instruments) was positioned around 
the vessel for measurement of phasic and mean 
coronary blood flow velocity. Relative mean coronary. 
vascular resistance (ru) was determined by dividing 
mean arterial pressure (mm Hg) by mean coronary 
blood flow velocity (Hz = 10°). 

A Konigberg high fidelity miniature microman- 
ometer (P7) was positioned in the left ventricular 
chamber through a stab wound in the apex for 
recording of left ventricular pressure. Direct measure- 
ments of left ventricutar pressure were cross- 
correlated with measurements obtained from the left 
atrial and aortic catheters. The maximal rate of rise of 
left ventricular pressure (peak positive dP/dt), an 
index of global left ventricular contractility, was ob- 
tained by electronic differentiation of the ventricular 
pressure wave form. A triangular wave signal with 
known slope was used to calibrate the differentiator. 
All catheters and leads were secured, tunneled sub- 
cutaneously and exteriorized between the scapulae 
by a small incision. The chest wall was closed in 
layers and the pneumothorax evacuated by a chest 
tube with suction drainage. Before each experiment, 
small pregelled cutaneous electrodes were taped to 
the appropriate limbs for measurement of the ECG 
(limb lead II). 

Postoperatively, each dog recovered for 7 to 10 
days before experimentation. Animals were treated 
with oral chloramphenicol {1.5 gm twice daily) and 
trained to stand quietly in a sling during this period. 
All experiments were conducted with the dog sup- 
ported in the sling. 


Evaluation of segmental contractile function. Regional 
myocardial contractility (percent segment shortening) 
was measured in the perfusion territory of the left 
anterior descending coronary artery by pairs of min- 
iature tubular ultrasonic crystals. Crystals were in- 
serted parallel to muscle fiber orientation perpendic- 
ular to the long axis of the left ventricle, within the 
subendocardium of the left ventricular free wall (10 to 
15 mm apart and 10 mm deep). The leads of each 
crystal were connected to an ultrasonic amplifier 
(Hartley, Houston, TX), which transformed the 
sound pulse transmitted into an electronic signal 
proportional to the distance between the two cyclin- 
drical crystals. The crystals were precalibrated, and 
the tracings monitored continuously with use of a 
Tektronix 2215A oscilloscope. By recording changes 
in transmission time, the distance between the two 
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crystals was measured. End-systolic segment length 
(ESL) and end-diastolic segment length (EDL) were 
derived from the analog signals at points correspond- 
ing to maximal —dP/dt and the onset of left ventric- 
ular isovolumetric contraction, respectively. Percent 
segment shortening (%5S) was calculated with use of 
the equation 


(EDL — ESL) x 100. 
EDL 


PSS = 


The lengths were normalized according to the 
method of Theroux et al. (11). Each measure of 
segment function represented the average of eight 
consecutive cardiac cycles. All hemodynamic data 
were recorded continuously on a Hewlett-Packard 
polygraph and digitized with a microcomputer inter- 
faced with an analog to digital converter and ana- 
lyzed as previously described (12). 


Experimental Protocol 


After implantation and verification that placement in 
the sling produced no stress or anxiety-induced alter- 
ations in hemodynamics, dogs fasted for 8 hr before 
experimentation. Fluid replacement was with normal 
saline solution. Animals were randomly assigned to 
four experimental protocols. No dog was utilized 
more than once in any experimental protocol. Three- 
to five-day periods were allowed between experi- 
ments on any one animal. 


Experiment A: Hemodynamic alterations produced by 
sufentanil. Initial control experiments were com- 
pleted to determine the hemodynamic actions of 
sufentanil (25 and 50 ug/kg). After establishing and 
quantifying baseline hemodynamics and regional 
myocardial function in the awake, unsedated state, 
dogs were given an intravenous infusion of sufenta- 
nil citrate at a dose of 25 ug/kg over 5 to 10 min and 
were then intubated and artificially ventilated. 

Hemodynamic parameters were constantly moni- 
tored and 15 min after the 25 ug/kg dose was com- 
pleted and a stable hemodynamic state obtained, a 
second dose of sufentanil (50 wg/kg) was infused over 
10-15 min. Hemodynamics were again recorded dur- 
ing a stable hemodynamic state. Thirty minutes after 
completing the second infusion of sufentanil, narcotic 
reversal was accomplished with naloxone (0.2 mg/kg 
IV and 0.2 mg/kg IM) and hemodynamic alterations 
recorded 15 min later. 


Experiment B: Hemodynamic alterations produced by 
sufentanil after propranolol pretreatment. Experiments 
were accomplished in a similar fashion to Experiment 
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A, except that after establishing and recording base- 
line conscious hemodynamics, the beta-blocker pro- 
pranolol (1.0 mg/kg IV) was administered. Fifteen 
minutes after administration of propranolol, dogs 
were given 25 ug/kg followed by 50 ug/kg sufentanil 
and subsequent naloxone reversal in a fashion similar 
to that described for Experiment A. 


Experiment C: Hemodynamic alterations produced by 
sufentanil after propranolol and diltiazem pretreatment. 
Experiments were accomplished in a similar fashion 
to Experiment B, however, after administration of 
propranolol, the calcium channel blocker diltiazem 
was infused intravenously (300 yueg/kg at a rate of 15 
ug/kg/min). Ten to fifteen minutes after completion 
of diltiazem infusion, administration of sufentanil (25 
pg/kg) followed by naloxone reversal was accom- 
plished as in Experiment A. 


Experiment D: Hemodynamic alterations produced by 
sufentanil and vecuronium after propranolol and diltiazem 
pretreatment. These experiments were accomplished 
in a similar fashion to Experiment C, except that after 
administration of propranolol and diltiazem, sufenta- 
nil (25 yg/kg) combined with the neuromuscular 
relaxant vecuronium (0.1 mg/kg) was infused. Fifteen 
to thirty minutes later, reversal doses of naloxone (0.2 
mg/kg IV and 0.2 mg/kg IM), neostigmine (0.05 mg/ 
kg) and glycopyrolate (7.0 uwg/kg) were administered 
and hemodynamic alterations quantitated. 


Statistical Analysis 


Data are presented as means + sEM. Changes in 
hemodynamics were analyzed with use of SAS soft- 
ware with an unbalanced ANOVA in GLM followed 
by Bonferroni's modification of the t test. Changes in 
each experiment were compared against the awake, 
unsedated state for that experiment at each pharma- 
cological intervention and considered significant 
when the probability (P) value was less than 0.05. 
Additionally, the effect of interexperimental pretreat- 
ments was analyzed for the major hemodynamic 
indexes of heart rate and systolic, diastolic, and mean 
arterial pressures, with use of GLM followed by 
Bonferroni’s modification of the t test as well as by a 
repeated measures ANOVA of contrast variables to 
determine trending. 


Results 


Experiment A: Hemodynamic alterations produced by 
sufentanil. The hemodynamic effects of sufentanil (25 


4 


BRADYCARDIA INDUCED BY SUFENTANIL 


Table 1. Hemodynamic Actions of Sufentanil in Chronically Instrumented Dogs 


Heart rate-systolic pressure product (beats/min x 7 
mm Hg x 10%) 

Left ventricular systolic pressure (mm Hg) 

Left ventricular end diastolic pressure (mm Hg) 

+dP/dt (mm Hg/sec) 

Diastolic coronary blood flow velocity (Hz x 10°) 

Mean coronary blood flow velocity (Hz x 10?) 

Diastolic coronary vascular resistance (ru) 

Mean coronary vascular resistance (ru) 

Segment shortening (%) 


NNN 


Mean +£ sem data. 
“Significantly diferent {P < 0.05) from the conscious state. 


Heart Rate (bpm) 
3 8 
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Heart Rate (bpm) 
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Figure 1. Effect of sufentanil alone (25 [525] and 50 [S50] g/kg) on 
heart rate alone (Experiment A, N = 9j, and after pretreatment 
with propranolol (P) (Experiment B, N = 8), or propranolol plus 
diltiazem (D) (Experiment C, N = 8), or in combination with 
vecuronium (V) (Experiment D, N = 11). “significantly different 
from conscious contro: (P < 0.05); ‘significantly different from dogs 
without pretreatment (P < 0.05). N = naloxone; C = conscious 
control. 


and 50 wg/kg) are summarized in Table 1. In Tables 1- 
4 and Figures 1 and 2, unequal numbers of measure- 
ments represent catheter and/or instrument failure 
after implantation but before experimentation. Low 
and high doses of sufentanil significantly decreased 
heart rate (Figure 1) (78 + 6 to 53 + 2 and 49 + 3 beats/ 
min, respectively) without change in arterial pressure 
(Figure 2). The predominant cardiac rhythm observed 
after administration of sufentanil was sinus bradycar- 
dia (seven of nine dogs). In three of the nine animals, 
a sinus bradycardia combined with high degree atrio- 
ventricular block resulted in a junctional escape 
rhythm with an occasional conducted premature 
atrial contraction (Figure 3). Coronary blood flow 
velocity and indexes of left ventricular contractility, 
including peak positive dP/dt and segment shorten- 
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Sufentanil Sufentanil Naloxon: 
Conscious (25 ug/kg) (50 pe/kg) (0.2 mg/k 
9.6 + 1,2 7.6 + 0.4 5.3 + 0.8" 15.9 + 0.6 
122 + 3 147 + 4 130 +5 153 + 8* 
9x1] 16 +1 152 12 £53 
2612 + 152 3016 + 135 2640 + 210 3712 + 42. 
48 +8 562+ 8 48 +7 89 + 15 
27 +5 25.25 2124 50 + 9 
2.63 = 0.53 2.90 + 0.94 2.99 + 0.92 2.01 + 0.¢ 
4.65 + 0.85 6.89 + 2.02 6.83 + 1.78 3.61 + 0.7 
19.0 + 2.5 20.1 + 2.6 20.1 + 2.6 19.2 + 2.5 
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Figure 2. Effect of sufentanil alone (25 [S25] and 50 [S50] ug/kg) | 
mean arterial pressure alone (Experiment A, N = 7), and af 
pretreatment with propranolol (P) (Experiment B, N = 7), 
propranolol plus diltiazem (D) (Experiment C, N = 7), or 
combination with vecuronium (V) (Experiment D, N = 1 
“significantly different from conscious control (P < 0.05). N 
naloxone; C = conscious control. 


ing, were essentially unchanged from the consciot 
state. 

Naloxone significantly increased heart rate abor 
heart rate levels in conscious dogs (78 + 6 to 119 + 
beats/min). Arterial pressure, rate-pressure produc 
and left ventricular systolic pressure were signi 
cantly elevated. Naloxone also increased left ventri 
ular +dP/dt and diastolic and mean coronary bloc 
flow velocities. 


Experiment B: Hemodynamic alterations produced | 
sufentanil after propranolol pretreatment. Hemodynam 
effects of pretreatment with propranolol and subs 
quent administration of sufentanil are summarized : 
Table 2. Propranolol significantly decreased left ve: 
tricular +dP/dt (2464 + 146 to 1941 + 99 mm Hg/sec 
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Table 2. Hemodynamic Actions of Sufentanil After Pretreatment With Propranolol (1.0 mg/kg) in Chronically 





Instrumented Dogs 


N Conscious 


Heart rate-systolic pressure product (beats/min X 7 S207 
mm Hg x 10°) 

Left ventricular systolic pressure (mm Hg) 9 114 +6 
Left ventricular end diastolic pressure (mm Hg) 9 720.3 
+dP/dt (mm Hg/sec) 9 2464 + 146 
Diastolic coronary blood flow velocity (Hz x 10°) 8 53 5 
Mean coronary blood flow velocity (Hz x 10°) 8 29 + 3 
Diastolic coronary vascular resistance (ru) 7 2.09 + 0.11 
Mean coronary vascular resistance (ru) 7 3,90 + 0.25 
Segment shortening (%) 7 17.9 5,0 


Propranolol Sufentanil Sufentanil Naloxone 
(1 mg/kg) (25 ug/kg) (50 pg/kg) (0.2 mg/kg) 
8.2 + 0.7 SUE 4.3 + 0.6* ie a E 
110 +5 114 + 6 IEF 143 + 6* 

10 + 1.0 14+ 1.7 14+ 1.3 19 + 2.9% 

1941 + 99* 1575 + 101* 1579 + 113* 2116 + 146" 
5445 41+4 4449 80 + 13* 
30 + 3 72 1i8+2 47 + 9* 

2.00 + 0.11 2:76 +: 0.23 2.99. £0.32" 2.252% 0.32 

3.63 + 0.27 6.31 + 1.01* 6.66 + @.99* 3.96 + 0.62 

16.0 + 3.6 14.7 + 4.6 14.0 + 2.4 12.4 + 4.4 


Mean + SEM data. 
"Significantly different (P < 0.05) from the conscious state. 


No other hemodynamic change was observed. Nor- 
mal sinus rhythm was present in all eight animals 
after the administration of propranolol. Subsequent 
administration of sufentanil (25 and 50 ug/kg) re- 
sulted in a decrease in hear? rate to 41 + 5 and 37 + 
4 beats/min, respectively (Figure 1). In two of the 
eight animals, the cardiac rhythm after administra- 
tion of 25 ug/kg sufentanil consisted of sinus brady- 
cardia with an occasional junctional rhythm. In six of 
the eight animals, a slow junctional rhythm predom- 
inated with occasional periods of sinus bradycardia. 
The addition of 50 ug/kg sufentanil caused further 
slowing of the junctional rhythm with decreased 
periods of conducted sinus beats. 

After propranolol] pretreatment, sufentanil pro- 
duced significant decreases in +dP/dt as well as 
increasing mean coronary vascular resistance in a 
dose-related manner. Administration of naloxone 
(0.2 mg/kg) increased heart rate, arterial pressure, left 
ventricular systolic and end diastolic pressures, and 
+dP/dt and coronary blood flow velocity. 


Experiment C: Hemodynamic alterations produced by 
sufentanil after propranolol and diltiazem pretreatment. 
Pretreatment with propranolol produced results sim- 


ilar to those observed in Experiment B (Table 3). 
Subsequent treatment with diltiazem (0.3 mg/kg) did 
not produce any further change in hemodynamics. 
Cardiac rhythm remained normal sinus in all ani- 
mals. After diltiazem and propranolol pretreatment, 
administration of 25 and 50 wg/kg sufentanil pro- 
duced results similar to those of Experiment B (Fig- 
ures 1 and 2). The predominant cardiac rhythms 
present after administration of sufentanil (25 ug/kg) 
consisted of severe sinus bradycardia in six of eight 
animals and a junctional rhythm witnout sinus activ- 
ity in two animals. Administration of 50 pg/kg of 
sufentanil resulted in further slowing of the junc- 
tional rhythm and occasional conducted sinus beat 
(Figure 4). The change in heart rate (78 + 4 to 38 + 4 
beats/min) produced by the low dcse of sufentanil 
after pretreatment with propranolal and diltiazem 
was significantly different than the same dose of 
sufentanil without pretreatment (Experiment A) or 
propranolol (without diltiazem) pretreatment (Exper- 
iment B). Both the low and high doses of sufentanil 
significantly increased left ventricular end diastolic 
pressure. Administration of naloxone produced he- 
modynamic changes similar to these observed in 
Experiments A or B. 
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Table 3. Hemodynamic Actions of Sufentanil After Pretreatment With Propranolol (1.0 mg/kg) and Diltiazem 


(0.3 mg/kg) in Chronically Instrumented Dogs 


Diltiazem Sufentanil Sufentanil Naloxone 
(0.3 mg/kg) (25 ng/kg) (50 ug/kg) (0.2 mg/kg) 
96+0.8 49+ 0.7* 4.2 + 0.4* 14.1 + 1.0* 
11444 118 +5 113 +4 142 + 7* 
10 + 1.7 17 + 1.7* 15 + 1.8* 20 + 2.4* 
2116 + 168* 1664 + 158* 1579 + 116" 2040 + 91* 
62 +9 48249 47 +11 92 + 26* 
33 +5 17+3 17+3 54 + 16" 
2.14 + 0.37 3.49 + 0.94 3.00 + 0.48 2.30 + 0.28 
3.95 + 0.63 8.80 + 1.97* 8.26 + 1.32* 4.11 + 0.51 
12.8 + 2.2 11.9 + 2.8 14.0 + 2.6 10.0 + 1.6 


Propranolol 
N Conscious (1 mg/kg) 
Heart rate-systolic pressure 7 9.2 + 0.8 8.4 + 0.7 
product (beats/min x mm 
Hg x 10°) 
Left ventricular systolic 7 115 £5 11645 
pressure (mm Hg) 
Left ventricular end dizstolic 7 90.7 111.6 
pressure (mm Hg) 
+dP/dt (mm Hg/sec) 7 2357 + 265 2130 = 175* 
Diastolic coronary blood flow 8 50 + 8 53 29 
velocity (Hz x 107) 
Mean coronary blood flow 8 a7 + 4 2925 
velocity (Hz x 107) 
Diastolic coronary vascular 7 2.67 + 0.44 2.68 + 0.41 
resistance (ru) 
Mean coronary vascular 7 4,81 + 0.73 4.84 + 0.71 
resistance (ru) 
Segment shortening (%) 7 15.0 + 4.7 TE6t3.1 
Mean + sem data. 
“Significantly different {P < 0.05) from the conscious state. 
Electro- 
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Figure 4. Electrocardiogram and left ventricular and aor- 
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tic pressure traces from two dogs after sufentanil (25 ug/ 

kg) after pretreatment with 1 mg/kg propranolol and 0.3 

mg/kg diltiazem (Experiment C). Note the profound 

bradycardia with a sinus arrhythmia and junctional escape _giectro- 

beats. cardiogram 
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Experiment D: Hemodynamic alterations produced by 
sufentanil and vecuronium after propranolol and diltiazem 
pretreatment. Pretreatment with propranolol and dil- 
tiazem produced hemodynamic alterations similar to 
those observed in Experiments B and C (Table 4). 
Administration of vecuronium (0.1 mg/kg) with suf- 
entanil (Table 4) produced similar hemodynamic 
changes to those observed with sufentanil (25 ug/kg) 
alone (Experiment C). A significant reduction in heart 
rate (76 + 3 to 32 + 2 beats/min) (Figure 1) occurred. 
Four of eleven animals developed sinus bradycardia, 
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whereas in seven animals a predominant junctional 
rhythm with a rare conducted sinus beat was ob- 
served (Figure 5). One animal with sinus bradycardia 
and one with a slow junctional rhythm developed 
asystole. Each responded to brief chest compression 
and atropine sulfate (0.4 mg IV) with a sinus brady- 
cardia. Despite the profound negative chronotropic 
and inotropic state produced by sufentanil, blood 
pressure was well maintained (Figure 2) and the 
rate-pressure product was significantly reduced. Left 
ventricular end-diastolic pressure was significantly 
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Table 4. Hemodynamic Actions of Sufentaniland Vecuronium (0.1 mg/kg) After Pretreatment Wi-h Propranolol (1.0 
mg/kg) and Diltiazem (0.3 mg/kg) in Chronically Instrumented Dogs 








Sufentanil 25 


pg/kg) + 
Propranolol Diltiazem Vecuronium Naloxone 
N Conscious (1 mg/kg) (0.3 mg/kg) (0.1 mg/kg) (0.2 mg/kg) 
Heart rate-systolic pressure 11 9.0 + 0.4 9.3 + 0.4 10.2 + 0.6 4.2 + 0.2” 16.7 + 1.3" 
product (beats/min X mm 
Hg x 10°) 
Left ventricular systolic 10 116 + 3 116 + 3 119 + 3 130 + 4 160 + 6* 
pressure (mm Hg) 
Left ventricular end diastolic 10 10 + 0.8 13 + 0.8 13 + 0.9 19 + 1.2” 2a 3,1" 
pressure (mm Hg) ' 
+dP/dt (mm Hg/sec) 10 2529 + 131 2175 + 100* 2183 + 112* 1912 + 140* 2282 £+ 185* 
Diastolic coronary blood flow 9 4545 49 +6 58 + 8* 40+ 5 60 + 10* 
velocity (Hz x 107) 
Mean coronary blood flow 9 2543 28 + 3 3145 19 + 2 a5 5" 
velocity (Hz x 10%) 
Diastolic coronary vascular 9 2.52 = 0.29 2.30 + 0,29 1:95 £ 0.21 2.76 + 0.49 2.79 + 0.31 
resistance (ru) 
Mean coronary vascular 9 4.40 + 0.44 3.96 + 0.44 3.77 + 0.45 5.96 + 1.07* 4.66 + 0.47 
resistance (ru) 
Segment shortening (%) 7 19.6 + 0.8 18.2 + 1.1 18.4 + 1.0 14.6 + 0.9 2324.1" 
Mean = sem data. 
*Significantly different (P < 0.05) from the conscious state. 
JE AMA Ae Ah a 
200 Figure 5. Electrocardiog-am and left ventricular 
ap and aortic pressure trac2s alter administration of 
Ventricular i n (| / mn ^ sufentanil (25 pg/kg) and vecuronium (0.1 mg/kg) 
mak 8 | | . \ after pretreatment with propranolol (1 mg/kg) and 
or 0 Ji LHL diltiazem (0.3 mg/kg) ce iment D he the 
Hie 200 slow sinus bradycardia and 6-second period of 
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elevated to 19 + 1 mm Hg. Administration of nalox- 
one (0.2 mg/kg IV and 0.2 mg/kg IM) and neuromus- 
cular reversal with neostigmine (0.05 mg/kg) and 
glycopyrolate (7.0 g/kg) produced hemodynamic al- 
terations (Table 4) similar to those observed with 
naloxone alone (Experiments A, B, C). 


Discussion 


Since the initial reports of “high dose” morphine as a 
suitable anesthetic for patients with compromised 
cardiovascular function (13), narcotic techniques, in- 
cluding the more recent use of agents such as fenta- 
nyl and sufentanil (4,14,15) have been proposed as 
useful for patients with coronary artery disease. Such 
techniques result in hemodynamic stability with low 
heart rates and are believed to maximize coronary 


asystole with resumption of a sinus bradycardia 
Blood pr I 
Pressure 100 spontaneously. 
0 


perfusion while minimally disrupting the balance 
between myocardial oxygen supply and demand. In 
comparisons of fentanyl or sufentanil with other 
narcotics, fewer hemodynamic alterations were ob- 
served with the former agents (16,17). Controversy 
exists, however, as to which agent is most beneficial. 
Cardiovascular stability has been claimed to be better 
with sufentanil than with fentanyl (14,15), but this 
has not been confirmed in other studies (16,18). 

A decrease in heart rate is usually observed after 
administration of most narcotics, except meperidine. 
The mechanism of the bradycardia induced by the 
narcotic agonists is incompletely understood. A cen- 
trally mediated increase in parasympathetic tone (19), 
direct negative chronotropic action at the sinus node 
(20), potentiation of vagally released acetylcholine at 
the sinus node (20), and/or reduction in sympathetic 
activity (19) have all been implicated. Additionally, 
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narcotics depress atrioventricular conduction (21), 
while also prolonging atrioventricular nodal and ven- 
tricular refractory periods (22). 

The magnitude of narcotic-induced bradycardia is 
minimized by slow rates of injection. Several recent 
reports, however, have described bradycardia and 
asystole after the administration of sufentanil and 
vecuronium (6,7) or fentanyl and pancuronium (8). In 
these reports, all patients had previously received 
beta-blocking agents alone or with calcium channel 
blockers. The potential for adverse interaction peri- 
operatively of such combination therapy has been 
described (9). A clinical report (23) documented four 
cases of sudden hypotension on induction with suf- 
entanil (2.7-22.7 g/kg) after sedation with the ben- 
zodiazepine lorazepam. Systolic arterial pressures 
decreased to 60 to 88 mm Hg with heart rates of 48 to 
78 beats/min. The lowest heart rate associated with 
hypotension was in a patient whose preoperative 
medications included propranolol and verapamil. Al- 
though hypotension was not observed in the present 
study, the profound bradyarrhythmias produced by 
sufentanil, particularly after pretreatment with dilt- 
iazem and propranolol, documents the potential del- 
eterious nature of such pharmacological combination. 

The dog differs substantially from humans in the 
autonomic innervation of the heart. The parasympa- 
thetic-sympathetic innervation is extensively inter- 
connected. In contrast, in the human both the vagi 
and sympathetic innervation are essentially anatom- 
ically and physiologically distinct (24). Additionally, 
the dog appears to possess more predominant para- 
sympathetic tone and responds more profoundly to 
vagal stimulation. Vagal activation with consequent 
release of acetylcholine reduces the sinus nodal dis- 
charge by decreasing the calcium current and increas- 
ing potassium conductance with consequent mem- 
brane hyperpolarization and sinus bradycardia (24). 
In the presence of a severe sinus bradycardia or a 
block of impulses generated proximal to the atrioven- 
tricular (AV) node, the AV junction is capable of 
initiating a sustained junctional escape rhythm at 
slow rates that often increase and assume a regular 
pattern. In 18 of 36 experiments, the dogs responded 
to administration of sufentanil with slow junctional 
rhythms. Parasympathetic dominance in the dog, in 
combination with the ability of narcotics to depress 
sinus node function, may have resulted in significant 
slowing of nodal discharge, allowing the develop- 
ment of a junctional escape rhythm. Because humans 
have different innervation patterns, conduction dis- 
turbances might be diminished in comparison to 
responses in the dog. 

Diltiazem has been shown to depress global left 
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ventricular function during volatile anesthesia (25). 
Furthermore, prolongaticn of the PR interval and 
development of second degree heart block with sub- 
sequent junctional rhythm have occurred during en- 
flurane (25) and halothane anesthesia (26). Diltiazem 
acts on the sinoatrial node to decrease the amplitude 
and rate of rise of the action potential arising from the 
node. Diltiazem also reduces the slope of diastolic 
depolarization and suppresses the frequency of spon- 
taneous firing in the excised rabbit sinoatrial node 
preparation as well as prolonging AV nodal conduc- 
tion (27). 

Generally, negative chronotropic and dromotropic 
actions of diltiazem, with resultant bradycardia, are 
more evident under anesthesia than in the conscious 
state (25-28). It has been suggested that, in the 
conscious state, sympathetic reflex buffering second- 
ary to peripheral vasodilation produced by the cal- 
cium channel blocking agents blunt their direct car- 
diac effects on inward calcium flux (28). However, 
because of a decrease in sympathetic tone and reflex 
sympathetic activity, as well as a direct myocardial 
depressant action produced by the volatile anesthet- 
ics, the potential for drug-induced bradycardia pro- 
duced by the calcium channel blocking agents is 
enhanced. Because the narcotics increase vagal and 
diminish sympathetic tone, as well as directly af- 
fecting myocardial conduction, administration of cal- 
cium channel blocking agents may result in poten- 
tially serious bradyarrhythmias, as demonstrated in 
the present study. 

Previous studies have demonstrated the efficacy of 
the combination of calcium channel and beta- 
adrenergic blockade in the treatment of ischemic 
heart disease (1-3). However, the potential for dele- 
terious interactions of this combination, including 
diltiazem and propranolol, are well documented 
(29,30). The occurrence of severe bradycardia and 
second or third degree heart block with hemody- 
namic compromise has been reported (29,30). 

In this study, both propranolol and diltiazem were 
administered utilizing a single, intravenous, acute 
dosage. However, patients who present for surgery 
usually are on a chronic oral maintenance regime of 
these agents. Previous studies have documented sim- 
ilar actions of beta-blockers on ischemic myocardial 
function after chronic (31) or acute administration 
(32). However, the acute administration of propran- 
olol and/or diltiazem emploved in the present inves- 
tigation may not accurately predict the potential 
toxicity after chronic administration and may repre- 
sent a limitation of the present study. 

Vecuronium, the monoquaternary analog of pan- 
curonium, has been reported to produce minimal 
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hemodynamic changes when utilized to produce 
neuromuscular blockade. Booij et al. (33) and Mar- 
shall et al. (34) gave doses of vecuronium 3-20 times 
greater than the effective neuromuscular blocking 
dose to dogs and cats and found no hemodynamic 
effects. In clinical studies (35), high doses of vecuro- 
nium have also produced insignificant perturbations 
in cardiovascular homeostasis. Gregoretti et al. (35) 
concluded that the lack of vagolytic effect of vecuro- 
nium may allow other agents such as narcotic ago- 
nists to reduce heart rate to a greater extent than 
when pancuronium is utilized. 

The common use of pancuronium in combination 
with narcotic agonists during cardiac surgery may be 
ascribed to the ability of this neuromuscular blocking 
agent to antagonize the central bradycardia induced 
by the narcotics (36). However, this combination has 
also been reported to produce ECG changes consis- 
tent with myocardial ischemia (36) and has been 
associated with myocardial lactate production (37) in 
patients undergoing coronary ravascularization sur- 
gery. The tachycardia produced by pancuronium 
may be mediated through direct cardiac muscarinic 
(M2) blockage (38), an increase in cardiac sympathetic 
activity by potentiating release (38) and inhibiting 
noradrenergic reuptake (39), and/or potentiation of 
sympathetic ganglionic transmission (40). Vecuro- 
nium is devoid of these actions and, therefore, brady- 
cardia (41) after the combination of narcotic agonists 
and vecuronium (42) may be more common than 
when pancuronium is utilized. 

The increases in heart rate, arterial pressure, and 
left ventricular indexes of contractility produced in 
the present study by naloxone in all experiments is 
consistent with previous reports (43) of cardiovascu- 
lar stimulation after reversal of narcotic or balanced 
anesthesia. Naloxone, in the absence of narcotiza- 
tion, has minimal effects on hemodynamics in con- 
scious or anesthetized animals (44). The production 
of major cardiovascular stimulation after narcotics 
has been attributed to an increase in sympathetic 
discharge (45), an increase in central noradrenergic 
neuronal activity (46), and/or an increase in circulat- 
ing catecholamines (45). 

Adverse reactions have also been observed clini- 
cally during naloxone reversal of narcotic narcosis 
and include hypertension, acute pulmonary edema, 
ventricular irritability, and death (47-48). In the 
present investigation, naloxone increased systemic 
pressure, produced sinus tachycardia, and elevated 
left ventricular end diastolic pressure in all experi- 
ments, despite pretreatment with beta-blocking and 
calcium channel blocking agents. Because all experi- 
ments were conducted in chronically implanted ani- 
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mals, without nociceptive input or baseline anes- 
thetic to alter endogenous neurovascular tone, the 
ability of naloxone to produce cardiovascular stimu- 
lation after narcotic administration ‘s consistent with 
a central and/or peripheral mediated increase in sym- 
pathetic tone (45). Additionally. there was a greater 
increase in heart rate with decreased indexes of left 
ventricular contractility and an increase in left ven- 
tricular end-diastolic pressure in experiments B, C, 
and D compared with experiment A, which may 
reflect a central interaction of sufentanil, propranolol, 
and naloxone on cardiovascular control centers 
(19,46). 

The choice of a nondepolarizing neuromuscular 
relaxant to be used in combination with a high dose 
narcotic anesthetic technique in patients with isch- 
emic heart disease may be difficult. This study dem- 
onstrates the ability of sufentanil to produce pro- 
found bradyarrhythmias, particularly after beta- 
adrenergic and calcium channel bicckade. Although 
the bradyarrhythmias were of greatest magnitude 
with the combination of sufentanil and vecuronium, 
previous evidence supports the concept that this 
result was not due to drug interaction but rather a 
lack of vagolytic activity of vecuronium. Despite the 
bradyarrhythmias observed in chronically instru- 
mented dogs, hemodynamic stability was maintained 
with minimal decreases in arterial or left ventricular 
pressures. In contrast, in patients with coronary 
artery or valvular heart disease, such reductions in 
heart rate may be associated with hemodynamic 
instability and represent a poteniially deleterious 
clinical situation. 
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Fifty-Seven Years Ago in 
Anesthesia & Analgesia 


D. A. Wood: Survey of anesthesia given in 550 brain operations in tne years 
192] to 1930 inclusive. Current Researches in Anesthesia and Anaigesia: 
1932 ;11:201-5. 


and also how clinically astute and skillful our predecessors could be. In this article, Dr. Wood 
recounts her experience in handling 550 anesthetics for cranial neurosurgical procedures in 
433 patients at the University of California Medical School and Hospital in San Franciscc in the nine 


T anesthesiologist should read this paper to really understand how far we have come 


. years between 1921 and 1930. The patients ranged in age from three days (46 were under three years 


old) to 79 years (13 were 70 to 79 years old). Craniotomies at the time were being performed mainly 
with local anesthesia in most institutions in North America, but in Dr. Wood’s series there were no 
patients in whom local anesthesia was used, except for 20 cases started with local that proved so 
unsatisfactory that ether anesthesia had to be induced intraoperatively. Nitrous oxide was also not 
used in these 550 cases. N,O increased intracranial pressure, Dr. Wood said, when cyanosis 
developed, and cyanosis was certainly not unheard of when N,O was used in the 1920s. All 550 
anesthetics were ether anesthetics. Premedication consisted of small doses of oral barbiturates, 
rarely morphine, but often only atropine. Induction of anesthesia was with open-drop ether. 
Intravenous amorbarbital (Amytal), recently introduced, was tried in three cases as the primary 
anesthetic but then abandoned because the patients kept waking up. Intravenous amobarbital was 
also tried in small amounts before open-drop ether was given, but this too was abandcned on the 
basis that it was considered unnecessary if premedication with oral barbiturates had been used. 
Anesthesia was maintained by insufflating ether vapor (apparently in air) through a metal pharyngeal 
airway that helped prevent soft tissue obstruction of the airway. The positions in which surgery was 
performed included sitting bolt upright (in a dental chair), supine, lateral or prone with the head 
supported by a padded horse-shoe shaped headrest (the author fails to mention this latter position 
usually required that the anesthetist sit on the floor under the head of the table to observe eye-signs, 
lift the chin if the airway became obstructed, etc.). Hemostasis was achieved with elecirocautery. 
No explosions, though. The concentration of ether in the operative field never got to the lower limit 
of flammability because of the barrier created by surgical drapes and the fact that ether, being 
heavier than air, gravitated to the floor, not to the operative area. Hypodermoclysis with Ringer’s 
solution, not IV, provided hydration. In an emergency, e.g., hemorrhagic shock, 500 mL of Ringer’s 
solution ‘‘or blood transfusions when available” were given. A total of 16 blood transfusions were 
given in the 550 cases. Operations included 108 excisions of tumors (many in the posterior fossa), 
24 temporal decompressions, 54 Gasserian ganglionectomies, 13 transsphenoidal hypophysecto- 
mies, and 14 drainages of brain abscesses. Intraoperative increases in intracranial pressure were 
handled by ventricular puncture (especially useful with posterior fossa tumors) or 50-75 mL of 
hypertonic 25% Ringer’s solution injected intravenously. Emphasis was placed on the need for 
gentle transfer of the patient from the operating room table to the bed at the conclusion of surgery. 
No data are given on intraoperative mortality. Postoperative morbidity and mortality ascribed to 
anesthesia involved three cases of parotitis, three of bronchitis, three of pneumonia (one death), one 
case of ‘‘cardiac dilatation” (fatal), and one case of lung abscess (fatal). 
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Cortical evoked potentials (CEPs) resulting from posterior 
tibial nerve stimulation could be recorded before, but not 
during, diagnostic high spinal anesthesia to T2-3 in six 
patients with chronic pain. In contrast, spinal cord stimu- 
lation at T8-9 during high spinai anesthesia resulted in 
CEPs with reduced peak amplitudes ana increased P1 and 
N2 latencies. Amplitudes of the CEPs evoked by spinal cord 


Anesthesia after subarachnoid administration of local 
anesthetic is generally considered to result from 
blockade of the spinal nerve roots and dorsal root 
ganglia (1-4). Penetration of local anesthetic into the 
outer parts of the spinal cord has been suggested on 
clinical grounds (2,5,6), and it has been shown radio- 
autographically in animals (7-10). However, the ex- 
tent of penetration into the spinal cord of local 
anesthetics in concentrations adequate to block neu- 
ronal conduction is unknown (1,11,12). 

We used diagnostic high spinal anesthesia (HSA) 
in patients with chronic pain in the lower half of the 
body in an attempt to confirm the diagnosis of central 
pain. To ensure that pain persisting during HSA is 
not of spinal origin, at a site below the level made 
anesthetic by HSA, it must be proved that all ascend- 
ing spinal tracts below the upper level of anesthesia 
have been blocked. Therefore, we monitored trans- 
mission in the spinal cord, before and during HSA by 
measuring cortical evoked potentials (CEPs) elicited 
by direct spinal cord stimulation via an epidural 
electrode. We also measured spinal nerve root block 
during HSA by measuring CEPs elicited by posterior 
tibial nerve stimulation. 
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stimulation increased with increases in stimulus intensity 
before and during high spinal anesthesia (N = 3). During 
spinal anesthesia, higher stimulus intensities were required 
to evoke CEPs of similar amplitudes as before. Because 
CEPs evoked by stimulation of the posterior tibial nerve 
disappeared, but those evoked by spinal cord stimulation did 
not, it is concluded that spinal anesthesia is a result of 
blockade of nerve roots, not blockade of neural transmission 
within the cord. Therefore, diagnostic high spinal anesthe- 
sia cannot exclude an origin of pain within the spinal cord. 


Key Words: ANESTHETIC TECHNIQUES, SPINAL. 
BRAIN, EVOKED POTENTIALS. 


Methods and Material 


Studies were performed on six patients who had 
given their informed consent. In each patient, an 
electrode for bipolar spinal cord stimulation (Pisces 
Quad M 3487, Medtronic) was placed, under x-ray 
control, in the midline of the dorsal epidural space at 
the T9 (N = 4) or T8 (N = 2) level (13). CEPs evoked 
by spinal cord and posterior tibial nerve stimulation 
were recorded before and during HSA with the 
electrodiagnostic system Pathfinder I (Nicolet). 


Stimulation 


Before and during HSA, all patients received bipolar 
spinal cord stimulation with rectangular monophasic 
constant current pulses (cathode cranial, stimulus 
duration 0.2 msec, 3.0 stimuli/sec, current intensity 
2-3 times the sensory threshold). In three of the six 
patients, the current intensity was increased, in steps 
of approximately 2.5 mA, above the sensory thresh- 
old before and 20 to 60 min after the start of HSA. In 
one of these patients, the stimulus duration was also 
increased stepwise (0.1 msec) from 0.2 msec up to 1.0 
msec at 30 mA during HSA. The quality and localiza- 
tion of stimulus sensation were noted. 

Both tibial nerves were stimulated behind the 
ankles via bipolar surface electrodes (stimulus dura- 
tion 0.2 msec, 3.0 stimuli/sec, current intensity at 4 
mA above motor threshold). 
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Table 1. Patient Data 


Case Age Height 
No. (yrs) Sex (cm) Previous Spine Surgery 
1 51 M 165 Spondylodesis L3-51, 3 
times 
2 51 M 172 None 
3 50 F 173 DREZ lesion and rhizotomy 
D8-10 left 
4 42 F 154 None 
5 25 F 177 None 
6 57 M 172 None 


Neurological Deficit 


Allodynia left lateral thigh 


None 

Hypaesthesia D8-L3 left, foot 
extensor paresis left, ataxia 

None 

None 


Conus lesion, hypaesthesia below L2, 


bladder and anal sphincter distur- 


bances 
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Pain Area 


Low back, both legs 


Both popliteal fossae 

Left buttock, thigh, and lower 
abdomen 

Left middle abdomen 

Left butiock 

Low back 


Table 2. Current Intensities of Spinal Cord Stimulation at 
sensation Threshold Before and During HSA 


Current (mA) 
Before HSA 


Current (mA) 
During HSA 


12.0 


Case No. 


ii wm GN 
oN 
a 


*The stimulus duration was 0.8 msec, in all other measurements 0.2 
msec, 


Recordings 


CEPs evoked by spinal cord and posterior tibial nerve 
stimulation were recorded from Ag/AgCl surface 
electrodes placed in positions Cz’ and Fpz as refer- 
ence (10-20 system). The signals from the scalp 
electrodes were filtered (bandpass 5-250 Hz), aver- 
aged (32-250 stimulus responses), and recorded in 
the 130 or 150 msec after stimulus onset. 

The signals were stored on disk for off-line mea- 
surement of peak latencies and peak to peak ampli- 
tudes. The peaks of the CEPs resulting from spinal 
cord stimulation were labeled consecutively, with use 
of N1-N3 for the first 3 negative (upward) deflections 
and P1-P3 for the first three positive (downward) 
deflections. 


High Spinal Anesthesia 


The patients were not premedicated. The cardiovas- 
cular system was monitored continuously by electro- 
cardiograph (ECG) and oscillometric blood pressure 
measurements (Dinamap, Critikon). After infusion of 
1,500-mL electrolyte solution and intravenous injec- 
tion of 0.5 mg atropine sulfate, HSA was induced. 
In the right lateral recumbent and 5° Trendelen- 
burg position, 2 mL of hyperbaric articain 5% (Ultra- 


Thi 


case 


D Nn e~ w a — 
Lami Ei r 


Th12 





S5 


V 
a 
A 
e 
a 


œ 
= 

w a G 

(> ra 


E E 


a 
50 A 


Figure 1. Upper anesthetic level and mean arterial blood pressure 
after lumbar subarachnoid injection of 100 mg articain. Different 
symbols represent data in six patients. 


cain, Hoechst) was injected through a 25-gauge spi- 
nal needle into the subarachnoid space at L34 
(N = 4) or Lis (N = 2). Patients were then turned 
into the supine position, and the level of anesthesia 
was achieved by changing the degree of the head- 
down tilt of the operating table (T3, N = 4; T2, N = 1; 
T5, N = 1). The extent of neuronal blockade was 
determined by frequent measurements of touch, pin 


SPINAL CORD TRANSMISSION OF IMPULSES 


SPV /div 


Figure 2. CEPs evoked by spinal cord 
stimulation (T8) with constant stimulus 
parameters before and during HSA in a 
representative patient (Case 1). 


P1 


prick and cold sensation in the dermatomes of spinal 
segments 55-C2, vibratory sensation at the malleoli, 
patellae, iliac crests, ribs and sternum, propriocep- 
tion in the toes, knees, and hips, and motor function 
of the lower extremities. 


Statistical Analysis 


The P1 and N2 latencies of the CEPs after spinal cord 
stimulation were evaluated statistically by the Wil- 
coxon matched pairs signed rank test. P < 0.05 was 
considered statistically significant. 


Results 


Control Measurements Before High 
Spinal Anesthesia 


Patient data are summarized in Table 1. In all pa- 
tients, CEPs elicited by posterior tibial nerve stimu- 
lation were normal. Spinal cord stimulation (3.0 Hz) 
was felt above sensory threshold intensity (Table 2) as 
throbbing in the lower abdomen and in both legs. 
The intensity of sensation increased as the stimulus 
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time 
(min) 


13ms/div 


current intensity increased until it became a strong 
and unpleasant throbbing, at which point stimulation 
ceased. 

As the current intensity of spinal cord stimulation 
increased (N = 3), the amplitudes of all CEP peaks 
increased (Figures 4A and 5A). Peak latencies did not 
change. 


Measurements During High Spinal Anesthesia 


Anesthetic levels and mean arterial blood pressures 
are shown in Figure 1. The maximal decrease in mean 
blood pressure averaged 21%. Below the highest level 
of sensory blockade, all sensory and motor functions 
tested were abolished. Chronic pain was completely 
relieved by HSA in only one of the patients (Case 6). 
Repeated stimulation of both tibial nerves produced 
no sensation and no CEPs in any patient until regres- 
sion of anesthesia from upper thoracic levels oc- 
curred. 

Spinal anesthesia at levels above T9-8 decreased 
the intensity of sensation and all peak amplitudes of 
CEPs produced by spinal cord stimulation (constant 
stimulus intensity) in each patient (Figures 2 and 3). 
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Figure 3. P1-N2 amplitude of CEPs evoked by spinal cord stimu- 
lation (A) and anesthetic level (*) in a representative patient (same 
patient as in Figure 2). 


In two patients, the stimulus intensity was supra- 
threshold also during HSA, and the CEP amplitudes 
were smallest 21 and 25 min after subarachnoid 
injection of the local anesthetic (Figure 3). Thereafter, 
their amplitudes increased again. In the other four 
patients, CEPs disappeared at the stimulus intensities 
used but could be recorded at higher stimulus inten- 
sities in each patient. 

The sensory threshold was increased in all patients 
during HSA (Table 2). Above threshold, patients felt 
a throbbing that was not painful in the lower abdo- 
men and in both legs. If current intensity (N = 3) or 
stimulus duration (N = 1) was increased, both inten- 
sity of stimulus sensation and all peak amplitudes of 
CEPs increased (Figures 4B and 5B). A comparison of 
the relationships between stimulus intensity and 
peak amplitudes of CEPs before (Figure 5A) and 
during HSA (Figure 5B) showed that higher stimulus 
intensities were required during HSA. 

When CEPs, evoked by spinal cord stimulation 
with constant stimulus parameters, were maximally 
decreased in amplitudes during HSA, P1 and N2 
latencies increased (P < 0.05; N = 6) (Figure 6). 
Latencies of P1 and N2 did not change significantly 
when stimulus current intensity was increased. 


Discussion 


In addition to the known effects of local anesthetics 
on the spinal cord during spinal or epidural anesthe- 
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Figure 4. CEPs (double recordings) evoked by spinal cord stimu- 
lation. Stepwise increase of stimulus intensities before (A) and 
during (B) HSA in a representative patient (Case 5). Stimulus 
duration was 0.2 msec before HSA (A) and 0.8 or 1.0 msec during 
HSA (B) to give a greater range of stimulation intensity. 


sia (1-4,9-12,14), our study showec that, during HSA 
to T2-3, spinal cord fibers stimulated at the T8-9 level 
are excitable and are able to conduct impulses at a 
time when nerve roots below the upper anesthesia 
level are completely blocked. The loss of sensation by 
a block of the lumbosacral roots was proved by the 
absence of CEPs previously evocable by posterior 
tibial nerve stimulation. This result agrees with other 
studies in which segmental zones of anesthesia 
(touch) were not achieved during epidural (15-17) or 
subarachnoid (18) injection of bupivacaine 0.5% and 
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Figure 5. P1-N2 amplitude of CEPs (grand averages of double 
recordings) versus intensity of spinal cord stimulation before (A) 
and during (B) HSA in a representative patient (same patient as in 
Figure 4). 


CEPs after dermatomal or peripheral nerve stimula- 
tion could be recorded. 

CEPs resulting from spinal cord stimulation have 
been reported previously (19). As for peripheral 
nerve stimulation (20), we found that amplitudes of 
CEPs evoked by spinal cord stimulation were depen- 
dent on stimulus intensity. The stimulus intensity 
determines the size of the electric field and thereby 
the number of excited spinal cord fibers. Therefore, 
we used the amplitudes of CEPs after spinal cord 
stimulation as a possible indicator of changes in the 
number of excited spinal cord fibers. Another factor 
that could cause the changes observed (2) would be 
cerebral depression secondary to hypotension during 
HSA, but this is unlikely because a relevant reduction 
of cerebral or spinal cord blood flow is unlikely at the 
mean arterial blood pressure measured in our pa- 
tients. Above a mean arterial blood pressure of 40 
mm Hg, in animals, changes of cortical (21) and 
spinal (22) evoked potentials did not occur. 

CEP amplitudes decreased during HSA when con- 
stant stimulus parameters were used. The changes 
observed must be due to the effects of distribution 
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Figure 6. Pl and N2 latencies and P1-N2 amplitudes of CEPs in six 
patients evoked by spinal cord stimulation (constant stimulus 
intensity) before and during HSA. 


and uptake of subarachnoid local anesthetic that 
induce conduction block of roots and spinal cord 
fibers that were excited before the administration of 
local anesthetic. 

Results in two patients in whom CEP amplitudes 
were lowest 21 and 25 min after subarachnoid injec- 
tion of 100 mg articain indicate that the spinal cord 
was penetrated most deeply by the local anesthetic at 
that time. A recovery of CEP amplitudes thereafter 
indicates the elimination of the local anesthetic from 
the spinal cord. Thus, monitoring of CEPs could 
possibly be used to measure changes in degree of 
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blockade of the spinal cord, because this cannot be 
detected clinically by testing the touch sensation after 
blockade of the spinal nerve roots. 

Sensory threshold was increased during HSA. 
Probably this increase was due to a block of the fibers 
at the “border” of the spinal cord. It is not known 
which spinal cord tracts are excited by an epidural 
electrode close to the dorsal columns, although the 
dorsal columns are most likely to be involved (13). 
However, the increase of CEP amplitudes after step- 
wise increases of stimulus intensity above the sen- 
sory threshold indicates the presence of an area 
within the spinal cord where fibers have not been 
blocked by the local anesthetic. 

The increase of P1 and N2 latencies during HSA, at 
the time when there were decreases in amplitudes of 
CEPs resulting from spinal cord stimulation, are in 
accordance with known effects. Local anesthetics do 
induce slowing of conduction velocity of nerve fibers 
before a complete block occurs (23,24). In addition, 
our data on changes in CEP latencies agree with the 
findings of others after dermatomal or peripheral 
nerve stimulation during incomplete local anesthetic 
block of spinal nerve roots (15,17,18). 

It can be concluded that monitoring of CEPs may 
provide detailed information on the block of the 
spinal cord by local anesthetics. Using CEPs, we have 
shown that HSA does not produce a “chemical 
transection” nor a complete block of all ascending 
spinal cord fibers. Thus, HSA cannot be used as a 
diagnostic tool to differentiate between pain originat- 
ing within the spinal cord below or the central ner- 
vous system above the anesthetic level. 
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The authors determined whether fentanyl incorporated into 
a candy lollipop, oral transmucosal fentanyl citrate 
(OTFC), woula cross mucosal tissues of the mouth in 
sufficient quantities during and after dissolution to produce 
sedation and/or analgesia. Associated respiratory and cir- 
culatory changes, side effects, and plasma concentrations of 
fentanyl were also measured. The evaluations were done in 
28 adult volunteers who received fentanyl citrate in doses of 
5, 4, 2, 1, and 0.5 mg in OTFC and rapidly sucked the 
lollipops (N = 20) or allowed them te passively dissolve 
(N = 8). Rapid consumption of OTFC resulted in more 


Recent synthesis of potent, highly lipid soluble drugs 
that can be supplied as water soluble salts have 
provided the opportunity to explore new administra- 
tion techniques for premedication (1,2). The citrate 
salt of fentanyl is soluble in both water and a number 
of candy matrices, and is resistant to heat (melting 
point = 152°C) (1,3-5). These properties suggest that 
fentanyl citrate may be incorporated into a nonthreat- 
ening, psychologically appealing delivery system, 
such as a lollipop {oral transmucosal fentany] citrate, 
OTFC), which could be used for premedication be- 
fore operation. The purpose of this study was to 
evaluate OTFC premedication in adult human volun- 
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rapid onset of a pleasant feeling (first subjective sensation) 
but not more rapid onset of objective sedation or analgesia 
than passive dissolution. There was a significant correlation 
between dose of OTFC and magnitude of sedation (P < 
0.001, Spearman rank correlation = —0.82). Higher doses 
of OTFC produced greater and longer lasting analgesia and 
respiratory depression and a higher incidence of nausea and 
vomiting than lower doses, but pruritus (33%—87%) was 
not related to the dose of OTFC. Heart rate and arterial 
blood pressures were not changed by any dose of OTFC. The 
data indicate that low doses of OTFC (0.5 and 1 mg, 
equivalent to 5-20 pg-ke~* of fentanyl citrate) produce 
analgesia and sedation with minimal side effects and little 
respiratory depression in adult volunteers and deserve 
further evaluation in patients. 


Key Words: PREMEDICATION—oral transmucosal. 
ANALGESICS—fentanyl. 


teers. Our specific objectives were to determine 
whether OTFC would cross the mucosal tissues of the 
mouth in sufficient quantities during and after disso- 
lution to produce sedation and/or analgesia. We also 
attempted to measure the time of onset, magnitude 
and duration of sedation and analgesia, associated 
respiratory and circulatory changes, side effects, and 
plasma fentanyl concentrations after a variety of 
doses of OTFC. 


Methods 


Approval was received from the University of Utah 
Human Study Committee and the United States Food 
and Drug Administration, and written, informed 
consent was obtained from 28 adult volunteers before 
beginning the study. As OTFC had never been used 
before, the doses of fentanyl, as well as the number 
and grouping of volunteers, were not predetermined 
but incrementally selected according to clinical im- 
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pressions of drug effects. Furthermore, the investiga- 
tors were not blinded to the dose of fentanyl con- 
sumed by each volunteer. It was decided that initial 
exposures would be with 5 mg of fentanyl citrate to 
determine if in adults any sedation or analgesia could 
be obtained from a fentanyl lollipop. As the study 
progressed, the doses utilized were decreased to 4, 2, 
1 mg, and then eventually 0.5 mg. Volunteers were 
asked to suck actively on the lollipop or allow it to 
dissolve passively in their mouth. 

Lollipops were made by heating a candy base to 
150°C and then adding the carefully measured 
amount of fentanyl citrate crystals (obtained from 
Janssen Pharmaceutica of Piscataway, N.J.). After 
mixing, to ensure uniform distribution of the drug, 
the candy-fentanyl mixture was poured into molds at 
107°C, a holder added, and the lollipops allowed to 
cool and harden before removal from the molds. All 
lollipops, irrespective of the dose of fentanyl, were 
the same size, 1.6 cc. 

Each volunteer had fasted for at least 8 hr and had 
abstained from alcohol, smoking, and all other med- 
ication for at least 24 hr. On arrival the morning of the 
study, volunteers were placed in the supine position 
and had an infusion of normal saline started at a rate 
of 40 mL/hr in a peripheral vein. They also had a 
standard blood pressure cuff applied to an upper 
arm, a Criticare Systems Model 501 pulse oximeter 
attached to a finger, a standard lead II electrocardio- 
gram started and were evaluated for pain threshold 
via a Tursky (graded, electrical pain delivering) elec- 
trode attached to a forearm (6-8). 

Pain threshold was determined using a Grass 588 
stimulator and stimulation isolation unit (Grass med- 
ical instruments CCU IA) to deliver an electrical 
stimulus (square wave, 60 Hz) of 0.4 sec duration 
through a concentric (Tursky) electrode (Farral In- 
struments) applied to the dorsal nondominant fore- 
arm (6-8). The electrode was applied to the skin after 
shaving the area and preparing it with an abrasive 
cream. After removing the abrasive cream, electrode 
contact was insured with a standard conductive gel. 
If initial current applied was below sensation thresh- 
old, the current was increased by 0.2 to 0.5 mAmps 
every 5 sec until the subject described the current as 
painful (pain threshold). Three such measurements 
were taken and averaged at each test time. Maximum 
allowable current was 32.2 mAmps. 

All subjects had baseline pain threshold, systolic 
arterial blood pressure (SBP), heart rate (HR), oxygen 
saturation, and respiratory rate (RR) determined fol- 
lowing a 15-min equilibration period. In addition, 
level of consciousness (sedation score) was deter- 
mined according to the following criteria: 1 = asleep, 
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not readily arousable; 2 = asleep, but arousable; 3 = 
drowsy; 4 = awake. Volunteers were asked to indi- 
cate when they first began to feel sleepy. End-tidal 
CO, (P—7CO,) was measured by allowing each sub- 
ject (with a nose clip in place) to breathe quietly 
through a mouthpiece attachec to a Beckman LB-2 
infrared CO, analyzer. Following this, a venous 
blood sample (5 mL) was obtained for fentanyl 
plasma analysis. 

After collection of baseline cata, volunteers were 
given a fentanyl lollipop and instructed to suck it as 
fast as possible (N = 20) or to place it in their buccal 
pouch and allow it to passively cissolve (N = 8). 
Repeated measurements of all variables were made 
every 10 min after beginning lollipop consumption 
and additional venous blood samples were obtained 
every 20 min during the first hour. Measurements 
and blood sampling were made every 30 min during 
the second hour and every hour thereafter for 8 hr. 
All subjects were questioned every 15 min to deter- 
mine subjective responses as well as the presence or 
absence of pruritus, nausea, and headache. Episodes 
of vomiting were recorded. Volunteers in whom 
pulse oximeter oxygen saturation decreased to 80% or 
less for 15 sec or more were instructed to breathe 
deeply until the reading reached 95% or higher. 
Subjects with one or more episode of oxygen desat- 
uration (<80%) during the last hour of the study were 
given naloxone, 0.4 mg IV, in two divided incre- 
ments. All subjects were instructed not to drive or 
operate mechanical equipment for 24 hr after the 
study. 

Peripheral venous blood ootained for fentanyl 
analysis was centrifuged and the plasma removed 
and frozen at -18°C until time for analysis. Following 
thawing, fentanyl was extracted from plasma with a 
mixture of hexane and ethanol (volume ratio 19:1). 
Plasma fentanyl (concentration expressed as the base) 
was measured by a capillary gas chromatography- 
chemical ionization mass spectrometric (CGC/CIMS) 
method, which employed a Finnegan 4500 gas chro- 
matograph/mass spectrometer -ink2d to a Finnegan 
INCOS data system (9). Chromatographic separation 
was achieved using hydrogen as a carrier gas (60-100 
cm:sec”*) and a DB5-15w column with a 1 uM film 
thickness. Methane and ammonia were the reagent 
gases for the mass spectrometer. The full sample was 
injected and injection tempera-ure was 265°C. Col- 
umn temperature was programmed at 170°C for 0.5 
min and then increased at 23°C’min to 300°C. Trans- 
fer line temperature was 230°C and ion chamber 
temperature 120°C. Carfentanil was used as an inter- 
nal standard and the current monitored at m/z 337 for 
fentanyl and m/z 395 for carfentanil. Quantitation 
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Table 1. Demographic Data of 28 Volunteers Receiving Oral Transmucosal Fentanyl Citrate 


Lollipop 
Consumption 
Fast Slow 
N = 20 N=8 
Subject Weight (kg) 
Mean 73 69 
SD +10 +12 
Fentanyl Administered (ng/kg) 
Mean 28 48 
sD t233 19.2 
Female/male 3/17 2/6 


Active (fast) consumption (N) — — 
Passive (slow) consumption (N) a BAS 


Fentanyl Citrate in Lollipop (mg) 


5 4 2 1 0.5 
N=7 N=3 N=8 N = N = 8 
78 72 71 56 71 

+10 +6 t13 +12 +7 
65 56 29 18 7 
+8.1 +4.8 +35.2 +3.9 +00.7 
0/7 1/2 1/7 1/1 2/6 
4 2 4 Z 
3 1 4 0 0 


Table 2. Delivery and Effect of Oral Transmucosal Fentanyl Citrate in 28 Volunteers 


Lollipop Consumption 


Fast Slow 
N = 20 N=8 
Consumption Time (min) 

Mean 6.0* 43.6 
SD ERI +16.1 

Time to First Subjective Effect (min) 
Mean 8.0+ 14.3 
SD 3.9 £8.7 


*Kruskal-Wallis ANOVA = 17.16, P = 6.0000, fast vs slow. 
tKruskal-Wallis ANCVA = 6.96, P = 0.0084, fast vs slow. 


Fentanyl Citrate in Lollipop (mg) 


4 2 ji 0.5 

7 N=3 N=8 N=2 N=8 

23t 17.9f 7.5} 4.9 
+27.5 +27.8 +14.0 +0.7 +0.7 
7.4 7.3 11.9 9.0 10.8 
+4] +2.3 +10.1 +14 +4.0 


{Kruskal-Wallis ANCVA = 11.80, df = 4, P = 0.0189, between dose differences. 


was achieved by measuring the peak height ratio of 
fentanyl to carfentanil (internal standard). The lower 
limit of sensitivity was 0.2 ng/mL with the standard 
curve being linear between 2 and 20 ng/mL (r? = 
0.9996). Higher concentrations were diluted until 
measured values fell within 0.2 and 20 ng/mL. 

All data were analyzed for statistical significance 
using Kruskal-Wallis analysis of variance (ANOVA), 
2-way ANOVA, and Spearman rank correlation. P < 
0.05 was considered statistically significant. 


Results 


The 28 volunteers (23 male and 5 female) were all 
ASA I, 25-35 years old, and weighed 53-91 kg (Table 
1). They received fentanyl lollipops containing 5 mg 
(N = 7), 4 mg (N = 3), 2 mg (N = 8), 1 mg (N = 2), 
and 0.5 mg (N = 8) of fentanyl citrate. Twenty of the 
28 vounteers actively sucked on the lollipops [5 mg 
(N = 4), 4mg (N = 2), 2 mg (N = 4, 1 mg (N = 2), 
and 0.5 mg (N = 8)] while 8 allowed the lollipops to 
dissolve passively [5 mg (N = 3), 4 mg (N = 1), 2 mg 
(N = 4)] (Table 1). 

Consumption time was significantly less in sub 


jects that actively sucked on lollipops (6.0 + 1.7 min; 
mean + sp) than in subjects who sucked slowly or 
not at all (43.6 + 16.1 min, mean + sp; P = 0.0000 
Kruskal-Wallis ANOVA) and resulted in a more 
rapid onset of initial subjective changes [pleasant 
sleepy feeling; 8.0 + 3.9 min (mean + sp) vs. 14.3 + 
8.7 min; P = 0.0084 Kruskal-Wallis ANOVA] (Ta- 
ble 2). 

Significant sedation (defined as a decrease from 
the baseline sedation score of one or more units) 
occurred more frequently after the highest doses of 
OTFC than after lower doses (Table 3), but was not 
related to the speed of lollipop consumption, 
Kruskal-Wallis ANOVA. Marked sedation (defined 
as a decrease in the baseline sedation score of two 
units) only occurred after OTFC dosages of 4 and 5 
mg (Table 3), and was not influenced by speed of 
consumption, Kruskal-Wallis ANOVA. There was a 
high correlation between dose of OTFC and magni- 
tude of sedation. Onset of sedation was variable 
(range 10 min to 4 hr) and not related to speed of 
lollipop consumption. Sedation did occur sooner af- 
ter higher doses of OTFC (Table 3). Sedation was 
prolonged (>8 hr) in 5 of 7 volunteers receiving 5 mg 
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Table 3. Degrees of Sedation in 28 Volunteers Given Oral Transmucosal Fentanyl Citrate 
| Fentanyl Citrate in Lollipop (mg) 
5 2 1 0.5 
N =7 N=3 N=8 N=2 N=8 

Percent experiencing 100 100 88 50 38 

sedation” 
Percent experiencing marked [86 100]ł [0 0 0] 

sedationt 
Onset of sedation (min; 27.1 + 16.0 20.0 + 0.0 84.3 + 88.1 60 36.67 + 14.4 


mean + sp)§ 


“Defined as a decrease from the baseline sedation score of one or more units; dose effect versus maximum sedation, P = 0.0000, df = 26, Spearman rank 


correlation = —0.82. 
+Defined as a decrease from the baseline sedation score of two units. 


+P = 0.0000, Fisher exact test; doses = 5, 4 compared to doses 2, 1, 0.5. 


§Defined as the time to decrease one or more activity units from baseline; dose effect versus onset of sedation, df = 18, Spearman rank correlation = —0.411. 


Table 4. Changes in Pain Thresholds in 28 Volunteers Receiving Oral Transmucosal Fentanyl Citrate 


Fentanyl Citrate in Lollipop (mg) 


4 2 1 0.5 


Percent Experiencing Analgesia 86.0 ; 





5 
N = 
Baseline (mAmp) Pain Tolerated 
Mean 37 
SD +2.0 
Onset of Analgesia (min)* 
Mean 25.0 
SD +16.1 
Duration of Analgesia (min) 
Mean 260.0 
SD +175.6 
Maximum (mAmp) Pain Tolerated 
Mean 9.6 
Sp . 262 


N = 3 N = 8 N = N=8 
100.0 88.0 100.0 88.0 
4.4 2.7 2.7 3.0 
+4,4 +14.0 +0.7 +1.2 
16.7 27.9 20.0 26.4 
+5.8 +9.06 +14.1 +18.9 
443.3)" 99.3 47.5 67.9 
+37.9 +83.5 +46.0 +41.8 
21.6] 4.7 3.9 4.4 
+12.6 +3,5 +14 +2.1 


*Analgesia = 20% increase over baseline pain tolerated. 


tKruskal-Wallis ANOVA = 10.7, df = 1, P = 0.0011; doses = 5, 4 compared to doses = 2, 
{Kruskal-Wallis ANOVA = 7.88, df = 1, P = 0.0050; doses = 5, 4 compared to doses = 2 


of OTFC and all receiving 4 mg. Duration of sedation 
was variable with lower doses (30 min to >8 hr) and 
not related to dose or speed of consumption. 

Onset of significant analgesia (defined as 20% or 
greater increase above baseline pain threshold) was 
variable (10-60 min) with all doses of OTFC and not 
related to speed of consumption. Some volunteers 
receiving high doses of OTFC (4 and 5 mg) developed 
marked analgesia (tolerated up to 32.2 mAmps, the 
maximal safe current) and would probably have tol- 
erated higher currents which could have destroyed 
tissue. Peak analgesia (maximal tolerated electrical 
stimulation) was significantly greater and duration 
significantly longer after lollipops with 4 and 5 mg of 
fentanyl than with lower doses (Table 4). Analgesia 
also often lasted more than 8 hr with 4 and 5 mg of 
OTFC but was never present for more than 120 min 
after consumption of lollipops with 0.5 and 1 mg. 


1, 0.5. 
> 1, 0.5. 


Respiratory rate was significantly lower after con- 
sumption of lollipops containing 4 and 5 mg of 
fentanyl than after lollipops containing 0.5, 1, and 2 
mg (Table 5). Peak respiratory depression (minimal 
respiratory rate) was not influenced by speed of 
OTFC consumption. End-tidal CO, did not become 
elevated any sooner but did remain elevated longer 
after higher doses of OTFC (4 and 5 mg) than after 
lower doses (0.5, 1, and 2 mg). Speed of lollipop 
consumption did not affect the duration of respira- 
tory depression. Peak end-tida! CO, values were 
similar irrespective of rate of suction but were higher 
after administration of 4 and 5 mg of OTFC than after 
0.5, 1, and 2 mg. 

Volunteers given 5, 4, and 2 mg doses of OTFC 
needed occasional reminders to “take a breath” be- 
cause of decreases in oxygen saturation (Table 6). 
Time of onset of the hypoxic episodes was not corre- 
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Table 5. Respiratory Effects of 28 Volunteers Given Oral Transmucosal Fentanyl Citrate 


9 4 
N=7 N=3 
Baseline Respiratory Rate (Breaths/min) 
Mean 13 13 
SD #35 ma fee 
Minimal Respiratory Rate 
Mean 5 6 |* 
SD +2.0 £2. 
PerCO; (Baseline) (mm Hg) 
Mean 37 37 
SD 299 se ere 
Onset PerCO, > Baseline + 3 mm Hg (min) 
Mean 27.9 20.0 
SD +18.7 20.0 
Duration PerCO, < Baseline + 3 mm Hg (min) 

Mean 349.3 440.0]* 
SD 2153. +34.6 
Maximum PgrCO, (mm Hg) i 

Mean 54 52 
SD (zs 46 


Fentanyl in Lollipop (mg) 


2 1 0.5 
N=8 N = 2 N=8 
14 13 12 
+0.7 +1.4 +1.6 
8 12 10 
t2.1 +2.1 +0.5 
41 37 39 
+4.9 +3.5 +3.0 

26.9 50.0 46.4 
+8.9 +56.6 +35.9 
228.1 130.0 56.4 
+74.4 +56.6 +44.0 

51 43 43 
+5.8 +3.5 +3.7 


*Kruskal-Wallis ANOVA = 15.13, df = 1, P = 0.0001; doses = 5, 4 compared to doses = 2, 1, 0.5. 
tKruskal-Wallis ANCVA = 5.35, df = 1, P = 0.0208; doses = 5, 4 compared to doses = 2, 1, 0.5. 
{Kruskal-Wallis ANCVA = 10.58, df = 1, P = 0.0012; doses = 5, 4 compared to doses = 2, 1, 0.5. 


Table 6. Oxygen Desaturation after Oral Transmucosal Fentanyl Citrate in 28 Adult Volunteers 


5 
N=7 
Volunteers with 1 or More Hypoxemic 100 
Episodes (%) 
Time of Onset of First Hypoxic Episode 
(min) N = 
Mean 24.2 
SD +10.2 
Respiratory Prompts (number) 157 
Interval during Which Volunteers were N=6 
Prompted to Breathe (min) 
Mean 150.8 
SD +171.0 
Volunteers Requiring Naloxone (%) 14.3 


lated to dose of OTFC or to speed of consumption. 
The incidence of hypoxic episodes, number of apneic 
prompts, and interval during which apneic prompt- 
ing was necessary was also related to the dose of 
OTFC (Table 6). In spite of these problems only one 
subject needed naloxone at the end of the study. 
Only one of the volunteers receiving the two lower 
doses of OTFC experienced desaturation (Table 6); no 
volunteer receiving 0.5 and 1 mg required apneic 
prompting. Systolic arterial blood pressure and heart 
rate were not significantly altered in any volunteer at 
any time irrespective of speed of lollipop consump- 
tion or dose of fentanyl administered. 


Fentanyl in Lollipop (mg) 


4 2 1 0.5 
N=3 N=8 N=2 N=8 
100 63 0 13 
N = N = N=0 N=1 
46.7 34.0 — 30 
+379 +10.8 — — 
23 16 Q 0 
N = N=3 N=0 N=0 
16.7 35.0 — = 
+17.6 +48.2 — — 
0 0 0 0 


Only plasma samples from volunteers receiving 4 
and 5 mg OTFC were available for analysis; test tubes 
containing the samples from volunteers receiving 0.5, 
1, and 2 mg of OTFC were accidentally discarded. 
Although mean plasma concentrations of fentanyl 
were higher after consumption of 5 mg lollipops and 
rapid consumption (Figures 1 and 2), because of great 
variability, the differences were not quite statistically 
significant. Similarly, there was not a significant 
correlation (Spearman Rank correlation coefficient 
<0.05, P > 0.2) between plasma fentanyl concentra- 
tions and the measured analgesic and sedative ef- 
fects. Plasma fentanyl levels reached values as great 
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Figure 1. Plasma fentanyl concentrations (ng/mL) as a function of 
time (min) in 3 volunteers receiving OTFC with 4 mg of fentanyl 
and 7 receiving OTFC with 5 mg of fentanyl. 


as 23 ng/mL early after consumption of 5 mg OTFC 
and ranged between 0.8 and 2.5 ng/mL after 8 hr 
(Figure 1). 

Nausea (61%) and vomiting (11%) were limited to 
volunteers given 2, 4, and 5 mg doses of OTFC, were 
most often noted at the end of the study when the 
volunteers stood up, and were not related to speed of 
OTFC consumption (Table 7). Pruritus occurred in a 
high percentage (33%-87%) of volunteers irrespective 
of the dose of OTFC (Table 7). A number of volun- 
teers (4 of the 18 volunteers receiving 5, 4, and 2 mg 
lollipops) complained of a headache at sometime 
during the study and three (1 receiving 5 mg and 2 
having 4 mg OTFC) had transient difficulty with 
urination at the end of the study. No volunteer 
consuming 1 or 0.5 mg lollipops experienced head- 
ache or urinary retention and no subject became rigid 
or unconscious at any time during the study. 


Discussion 


The results of this study demonstrate that consump- 
tion of oral transmucosal fentanyl citrate (OTFC) 
results in rapid increases in plasma fentanyl levels 
with accompanying dose related sedation, analgesia, 
respiratory depression, and common opiate side ef- 
fects (including pruritus, nausea, vomiting, and dif- 
- ficulty with micturition) but no changes in arterial 
blood pressure or pulse rate. The data indicate that 
low doses of OTFC (0.5 and 1 mg equivalent to 5-20 
ug'kg™! of fentanyl citrate) produce analgesia for 
short periods (1-2 hr) and some sedation (of variable 
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duration) with minimal or no side effects and little 
respiratory depression. We believe low doses of 
OTFC deserve evaluation as premedication in pa- 
tients; respiratory depression and a high incidence of 
side effects after higher doses of OTFC (4, 5, and 2 
mg; >20 wg-kg~') probably limit their usefulness for 
preoperative premedication. 

Following the conclusion of this study, 2 volun- 
teers who 30 days or more previously had rapidly 
consumed 5 mg of OTFC each swallowed an entire 5 
mg lollipop (without the handle). Neither experi- 
enced noticeable sedation although toth yawned and 
indicated they may have been a bit sleepy for about 
15-20 min approximately 60-80 min after swallowing 
the candy. Unfortunately, instrumentation for mea- 
suring analgesia in these 2 subjects was not available, 
but end-tidal CO, determinations made 30, 60, 90, 
and 120 min after the candy was swellowed were the 
same as baseline values. These obs2rvations, when 
combined with the measurements made in our study, 
suggest (but do not confirm) that as the fentanyl 
containing candy dissolves in saliva and pharyngeal 
secretions, some must penetrate through the mucosa 
of the mouth, pharynx, and esophagus and enter the 
vasculature bathing these tissues. Venous drainage 
from the mouth, pharynx and esophagus reaches the 
right atrium and subsequently the systemic circula- 
tion without passage through tke liver. In contrast, 
virtually all venous return from the stomach and 
small intestine passes through the liver via the portal 
circulation. The high hepatic clearence of fentanyl 
(10-20 mL-min™') (3,10,11) proabably explains why 
volunteers swallowing 5 mg of the drug experienced 
little or no narcotic effects while Euccal liquefaction of 
the same candy produced marked sedation, analge- 
sia, and respiratory depression. 

Volunteers given 4 and 5 mg of OTFC had pro- 
found analgesia and sedation and slept if undis- 
turbed; none, however, lost consciousness or became 
rigid in spite of fentanyl plasma concentrations as 
high as 24 ng-mL~’. We believe these data are con- 
sistent with findings of Bailey and coworkers (12) 
who showed that young healthy patients often re- 
quire enormous doses of fentanyl (and thus equally 
enormous plasma and brain concentrations) before 
consciousness is lost and that patients who do not 
become unconscious after fentanyl also do not be- 
come rigid. 

Plasma concentrations obtain2d irom volunteers 
receiving 5 mg of OTFC were higher than those from 
volunteers receiving 4 mg (Figure 1). However, be- 
cause of a small N and the distribution of some of 
each group to active suction and ozhers to passive 
suction (as well as the loss of plasma samples from 
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Figure 2. Plasma fentanyl concentrations (ng/mL) as a 
function of time (min) after fast (N = 6) and slow (N = 4) 
consumption of OTFC with 4 and 5 mg cf fentanyl. 
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Table 7. Side Effects After Oral Transmucosal Fentanyl 
Citrate in 28 Adult Volunteers 


Fentanyl in Lollipop (mg) 
5 4 2 1 0.5 


N=7 N=3 N=8 N=2 N#=8 
Nausea (%) 57 100 50 0 0 
Emesis (%) 14 33 0 0 0 
Pruritus (%) 71 33 87 50 40 
Headache (%) 14 33 25 0 0 
Urinary Retention (%) 14 66 0 0 0 


volunteers receiving lower doses of OTFC), correla- 
tion between plasma levels of fentanyl and the mea- 
sured sedative and analgesic effects was poor. 

Although respiratory depression after 0.5 and 1 
mg of OTFC was minimal, the large range of re- 
sponses in our volunteers suggests that even after 
these doses continuous respiratory monitoring is 
indicated. Early clinical experiences demonstrate that 
OTFC in doses as high as 15-20 pg-kg~' does not 
result in oxygen saturations <90% (as measured by 
digital pulse oximetry) but doses >20 ug-kg™' do 
cause occasional desaturation (13,14). The ultimate 
value of OTFC as premedication in children will 
depend on finding a dose range which results in 
adequate sedation without concomitant respiratory 
depression. Additional clinical investigations should 
also probably evaluate OTFC as an alternate route for 
the delivery of analgesic doses of fentanyl. 
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Oral Transmucosal Fentanyl Citrate Premedication in Children 
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STREISAND JB, STANLEY TH, HAGUE B, van 
VREESWIJK H, HO GH, PACE NL. Oral transmucosal 
fentanyl citrate premedication in children. Anesth Analg 
1989;69:28-34. 


The authors evaluated the safety and efficacy of four doses of 
oral transmucosal fentanyl citrate (OTFC) as a premedicant 
in 44 children about to undergo elective operations. The 
patients received 5-10, 10-15, 15-20, or 20-25 pg-kg™* of 
OTFC in the holding area and had activity (sedation) 
scores, vital signs (including systolic and diastolic arterial 
blood pressures, heart, and respiratory rates), and pulse 
oximetry determined oxygen saturation measured before 
and at 15-min intervals after premedication until they were 
taken to the operating room. Cooperation during anesthetic 
induction, and quality and speed of recovery room emer- 
gence were measured and side effects noted. OTFC was 
readily accepted and provided significant (dose dependent) 
reductions in preoperative activity starting after 30 min. 
Onset of sedation was related to dose of OTFC but time to 
peak effect was not. Vital signs remained unchanged pre- 
operatively in all groups but patients receiving 20-25 
ugkg~? had oxygen saturations that were significantly 


Previous experience in adult volunteers demon- 
strated that fentanyl incorporated into a candy matrix 
(lollipop) can be absorbed through the oral mucosa to 
produce sedation, analgesia, and respiratory depres- 
sion (1). Although the initial study suggested oral 
transmucosal fentanyl citrate (OTFC) might be a 
novel way of delivering premedication to children, 
ideal dose ranges were unknown and clinical experi- 
ence in the pediatric population did not exist. The 
objectives of this study were to evaluate the accept- 
ability of OTFC premedication and to determine a 
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lower than patients in the other grcups 30 min after 
beginning OTFC consumption. Three of tae 12 patients 
receiving the highest dose of OTFC exverienced transient 
oxygen saturation <90% which, however, was easily 
treated by commands to take a breath. Anesthetic inductions 
were rated good or excellent in 80% of the patients and 
recovery times were similar irrespective of the OTFC dose. 
OTFC caused dose-independent preoperative pruritus in 
90% or more of patients and pruritus (23%-70%), nausea 
(30%-58%), and vomiting (50%-83%) postoperatively. 
The data suggest that 15-20 ug-kg! is the optimal dose 
range of OTFC in healthy children for opcimizing onset 
(18.0 + 10.3 min) and magnitude (92% caim, sedated or 
asleep) of preoperative sedation and minimizing preopera- 
tive respiratory side effects (lowest respiratory rate = 15.9 
+ 4.1 breaths/min and lowest oxygen saturation 95.3 + 
1.6%). OTFC should be compared to other premedicants 
using more traditional routes of delivery to cetermine if its 
benefits outweigh associated side effects. 


Key Words: ANESTHESIA, PEDIATEIC— 
premedication. PREMEDICATION—oral 
transmucosal. ANALGESICS—fentenyl]._ 


reasonable dose range in children about to undergo 
elective in-patient and out-patient operations. 


Methods 


Approval was received from the Food and Drug 
Administration and the University of Utah Human 
Institutional Review Board, and written informed 
consent was obtained from the parents of 47 ASA 
Class I-I children aged 2 to 12 yr scheduled for a 
variety of elective ophthalmolcgic, otolaryngologic 
(ENT), urologic, and orthopedic operations. The chil- 
dren were randomly assigned to one of four groups 
according to the dose of fentanyl citzate they were to 
receive in the lollipop: group I, 3-10 pg-kg~’; group 
II, 10-15 ug-kg~*; group Il, 15-20 pg-kg™*; and 
group IV, 20-25 ug-kg~*. No placebo was used and 
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LOLLIPOP PREMEDICATION IN CHILDREN 


no attempt was made to blind the study because of 
the limited experience with OTFC in adults and no 
previous experience in children. 

Lollipops were made by heating a flavored candy 
base and dissolving the appropriate, measured 
amount of fentanyl citrate into the mixture. The 
liquid candy-fentanyl mixture was poured into 
molds, a stick added and the lollipops allowed to 
harden. Lollipops were made containing 100, 200, 
300, 400, 500, 700, and 1000 yg of fentanyl citrate. All 
lollipops were the same size (1.6 cc) irrespective of 
the dose of fentanyl they contained. If either of two 
doses of OTFC (e.g., 100 or 200 ug lollipop) was 
appropriate for the group to which the child was 
allocated, the lower dose was chosen. 

Approximately 1 hr before the scheduled begin- 
ning of the operation each child (accompanied by his 
or her parents) was brought to the preoperative 
holding area adjacent to the operating room. After 
examination of the patient’s oral mucosa, baseline 
systolic (SBP) and diastolic (DBP) arterial blood pres- 
sures, heart rate (HR), respiratory rate (RR), and 
oxygen saturation (O, Sat) were measured by: a 
standard manual pediatric blood pressure cuff, radial 
arterial palpation, observation of the chest wall, and 
use of a Criticare Systems Model 501 pulse oximeter, 
respectively. The patients were then given a lollipop 
with the appropriate dose of OTFC and were asked to 
rapidly suck it without biting or chewing it. The time 
required for complete consumption of the candy was 
recorded. 

Oxygen saturation was continuously measured 
and HR, SBP, DBP, and RR remeasured every 15 min 
throughout the preanesthetic evaluation period until 
the children were taken to the operating room. Ac- 
tivity (sedation) scores (Table 1) evaluating the effec- 
tiveness of the premedication were also determined 
at baseline (prior to premedication administration), 
every 15 min thereafter, and immediately before the 
children were taken to the operating room. Time 
between start of lollipop consumption and first effect, 
defined as the appearance of nasal pruritus or a 
decrease in the activity score of one or more, was 
recorded for each patient. Prior to departure to the 
operating room, the patient’s oral mucosa was reex- 
amined. Each child’s response to the operating room 
and ability to cooperate with the anesthesiologist just 
prior to anesthetic induction was evaluated using a 
scoring scale (Table 1). 

Anesthesia was induced with halothane (0.25%— 
4.0%) and N,O (60%) in oxygen via a face mask. 
Ventilation was at first spontaneous, then assisted, 
and finally controlled as the patient lost conscious- 
ness. After loss of consciousness an intravenous 
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Table 1. Scoring Schedules for Evaluation of Preoperative 
Activity (Sedation), the Level of Cooperation Prior to 
Induction of General Anesthesia, and Reactivity During 
Emergence From General Anesthesia 





Preoperative activity 
1 = Asleep; not readily arousable 
2 = Asleep; responds slowly to verbal commands 
3 = Drowsy; readily responds to verbal commands 
4 = Awake; calm and quiet 
5 = Awake and active 


Preinduction cooperation 

1 = Excellent (none of the conditions listed below as A, 
B or C) 

2 = Good (1 of conditions A, B or C) 

3 = Fair (2 of conditions) 

4 = Poor (all 3 of conditions A, B and C) 
A. Crying 
B. Need for restraint 
C. Avoidance 


Emergence 
1 = Excellent (quiet) 
2 = Good (occasional crying) 
3 = Fair (crying, but able to be quieted) 
4 = Poor (thrashing, unable to be quieted) 


infusion of 5% dextrose in 0.25% normal saline or 
lactated Ringer’s solution was started in a hand or 
arm vein. The trachea was intubated without the use 
of a muscle relaxant unless laryngeal exposure was 
difficult or anatomic considerations suggested that 
paralysis would significantly facilitate endotracheal 
intubation. In these circumstances succinylcholine 
(1.0-1.5 mg-kg~' IV) was used for relaxation. Anes- 
thesia was maintained with halothane (0.1%—-2.5%) or 
isoflurane (0.2%-2.0%) and N,O (60%) in oxygen in 
concentrations that kept SBP within 20% of preoper- 
ative values. No narcotics, anti~-emetics or intrave- 
nous anesthetics were used; muscle relaxants were 
used after endotracheal intubation if clinically indi- 
cated. Generally, controlled ventilation was main- 
tained until 10-20 min before the end of the operation 
when halothane or isoflurane concentrations were 
decreased or discontinued and spontaneous ventila- 
tion resumed. Endotracheal tubes were removed 
when patients first responded to them, when the 
respiratory rate was >12 breaths/min, and when the 
tidal volume was considered to be clinically adequate. 

Emergence from anesthesia was evaluated in the 
recovery room every 30 min using an emergence 
scoring scale (Table 1). Times to awakening (as mea- 
sured from discontinuation of all inhalation anesthet- 
ics until spontaneous eye opening first occurred) and 
first response to verbal commands (as measured from 
termination of all inhalation anesthetics until eye 
Opening first occurred upon command) were evalu- 
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Table 2. Demographic Data in 44 Children Premedicated with 1 of 4 Doses of Oral Transmucosal Fentanyl Citrate, 


OTEC (Mean + SEM) 
I 


Group 

OTFC Dose (ug'kg`’) 5-10 
Patients (n) 10 
Gender M/F 7/3 
Age (yr) 6.9 + 0,9 
Weight (kg) 23.9 + 3.6 
Duration of Anesthesia (min) 119 + 36 
Lollipop Consumption Time (min) 18.4 + 12.3 


ated every 5 min in the recovery room and recorded. 
Intravenous narcotics (morphine 0.5-1.0 mg or me- 
peridine 5-10 mg) were administered by the recovery 
room nurses (who were unaware of the premedica- 
tion used) for control of moderate or severe postop- 
erative pain (as determined by a physician unin- 
volved with the study). Patients were discharged 
from the recovery room when they achieved a score 
of 10 using the Aldrete postanesthetic recovery score 
(2). Recovery time, defined as time from arrival in the 
recovery room to fulfillment of discharge criteria, was 
recorded. The incidences and times of occurrence of 
pruritus and nausea (as volunteered by the patient) 
and vomiting were recorded in the preoperative 
holding area, operating room, and recovery room. 


Statistical Methods 


Data were analyzed for statistical significance using a 
two-way analysis of variance for age and weight; a 
chi-square analysis for gender, and a Mantel- 
Haenszel chi-square analysis for ASA class distribu- 
tion. The time it took for consumption of the OTFC, 
the duration of anesthesia, and recovery were com- 
pared across groups by one-way analysis of variance, 
as were comparisons of the effect of dose on SBP, 
DBP, HR, RR, and O, saturation. Statistically signif- 
icant differences between vital sign values at baseline 
and during peak sedative effect were evaluated using 
a repeated measures two-way analysis of variance 
(ANOVA). The Kruskal-Wallis one-way ANOVA 
was used to examine the time of the lowest vital signs 
and O, saturation. ANOVA for linear trends was 
used to examine dose effect for the peak respiratory 
rate change. Comparisons of O, saturation between 
groups were performed with the Duncan’s multiple 
range test; chi square and chi square for linear trends 
were used to compare the effect of dose on the 
appearance of low oxygen saturation (oxygen satura- 
tion <90%). 

The effect of dose on the activity (sedation) score 
was compared by Mantel-Haenszel chi-square anal- 


H I IV 


10-15 15-20 20-25 
10 12 12 
6/4 715 8/4 
Filet 12 8.0 + 0.9 6.5 + 0.9 
24.7 + 3.6 26.0 + 2.9 23.3 + 2.9 
126 + 19 81 + 12 158 + 20 
14.5 + 6.3 13.4 + 7.5 15.4 + 9.6 


ysis; the effect of dose on the time to peak sedation 
was compared by one-way ANOVA. The change in 
activity over time was examined by a Wilcoxon test; a 
Bonferroni adjustment was made zo the P values. 
Onset of sedation was evaluated via a Brown For- 
sythe one-way ANOVA and Durcan’s multiple range 
test, and ANOVA for linear trends was used to 
examine dose effect on onset time for sedation. The 
Mantel-Haenszel chi-square analysis was used to 
evaluate the cooperation of the patient prior to anes- 
thetic induction and the effect of dose on the inci- 
dence of side effects. 

The majority of the analyses were performed with 
the BMDP and STAT 80 statistical package (3). P < 
0.05 was considered statistically significant. 


Results 


Although 47 children were entered in the study, data 
for only 44 were evaluated. Tha remaining 3 were 
eliminated from consideration because they refused 
to take the lollipop (2) or were called to the operating 
room before they had sufficient time to finish it (1). Of 
the 44 children evaluated, 10 were in each of groups 
I and II, and 12 in each of groups II and IV. The four 
groups were similar with respec: to gender distribu- 
tion, the type of operation scheduled, ASA physical 
status distribution, age, weight, baszline vital signs, 
and duration of anesthesia (Table 2). The duration of 
administration (mean lollipop consumption times) 
ranged from 2 to 50 min but averaged about 15 min 
and were similar in the four groups (Table 2). Oral 
mucosal observations (before and after premedication) 
were normal in each child. 

All 44 children had preoperative evaluations for at 
least 15 min and some for as long as 90 min after 
baseline. Numbers of children evaluated in the four 
groups decreased with each additional 15-min inter- 
val after 15 min as increasing numbers of patients 
were called to the operating room. Evaluations at 30, 
45, 60, 75, and 90 min after baseline included 42, 22, 
11, 7, and 2 patients, respectively. Statistical analysis 
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Figure 1. Percent of patients sedated or asleep (activity scores 1-4) 
as a function of time in children premedicated with oral transmu- 
cosal fentanyl citrate (OTFC) in the doses indicated. *P = 0.0001, 
+P = 0.0002, when all patients considered as one group are 
compared to baseline, Wilcoxon test. 


after 45 min was done but is not presented because of 
low N values. 

Analysis of change from baseline for activity 
showed significant increases in sedation at 30 and 45 
min, immediately prior to leaving the holding area, 
and at peak sedative effect (Figure 1). In addition, 
there were significant positive relationships between 
increasing dose and increasing sedation 30 min after 
beginning consumption, prior to leaving the holding 
area, and at peak effect (Table 3). Onset of sedation 
occurred significantly sooner with higher doses of 
OTFC, but time to peak effect did not. 

The four groups had similar arterial blood pres- 
sures and heart and respiratory rates at baseline and 
at all evaluation periods in the preoperative holding 
area. Similarly, there were no differences between the 
four groups in the lowest systolic and diastolic arte- 
rial blood pressures and heart rates recorded or the 
time of these lowest recordings (Table 4). There were 
no consistent relationships between the lowest hemo- 
dynamic values and any other variable measured 
during the study. None of the lowest values recorded 
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was considered of clinical importance. There was a 
significant relationship between increasing dose of 
OTFC and the lowest respiratory rate recorded (Table 
4), although there was no relationship between dose 
and the time of lowest respiratory rate. Oxygen 
saturation (of all patients considered as one group) 
was significantly lower at the time of peak oxygen 
saturation depression (two-way ANOVA; F, 3, = 
56.03) than at baseline. Patients in group IV had 
oxygen saturations which were significantly lower 
than those in groups I, Il, and IH 30 min after 
beginning OTFC consumption (Figure 2) and at the 
time of peak depression of oxygen saturation (Table 
4). Three children in group IV had transient decreases 
in oxygen saturation to =89% in the holding area 
(range 84%-89%). This incidence (25%) was signifi- 
cantly (X = 8.33) greater than in the other three 
groups (0%); in all instances oxygen saturations re- 
turned to normal with commands to breathe. 

Thirty-three of the 44 children had evaluations 
immediately prior to anesthetic induction rated as 
excellent (Figure 3), but there were no statistical 
differences between the groups. Emergence scores of 
the four groups in the recovery room were not 
statistically different at anytime. There were no sig- 
nificant differences in the times to awakening, first 
response to verbal command, and fulfillment of cri- 
teria for discharge from the recovery room in the four 
groups (Table 5). 

In the preoperative holding area nausea occurred 
in two patients in group M and one patient in group 
IV vomited. In contrast, mild facial pruritus occurred 
in 90% or more of patients in all groups and coincided 
with the onset of sedation (Table 6). The incidence of 
these side effects in the holding area were similar in 
the four groups. No patient had nausea, vomiting or 
pruritus in the operating room. Pruritus occurred 
postoperatively in all groups but was inversely re- 
lated to dose (MH; = 4579 P = 0.0324, Mantel- 
Haenszel chi-square test). The incidences of postop- 
erative nausea (30%-58%) and vomiting (50%-83%) 
were not significantly different amongst the four 
groups. There was no relationship between the inci- 
dence of preoperative or postoperative side effects 
and their time of lollipop consumption or the dura- 
tion of stay of the patient in the holding area. No 
patient became rigid at any time during the study. 
Naloxone was given to two patients (one each in 
groups HI and IV) for a postoperative respiratory rate 
<12 breaths-min™' and two other patients in group 
IV required occasional encouragement to maintain 
respiratory rates >12 breaths-min”’ for a short time 
(5-10 min) in the recovery room. One patient (group 
I) developed hiccoughs, one (group IV) had laryngo- 
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Table 3. Activity (Sedation) in 44 Children Premedicated with 1 of 4 Doses of Oral Transmucosal Fenzanyl Citrate 


I 


Group 
Dose of Fentanyl (ug'kg~ t) 5-10 

*Patients Calm, Sedated or Asleep (Activity 30 

Scores 1-4) Immediately Prior to Leaving the 

Holding Area (%) 
tPatients Calm, Sedated or Asleep (Activity 30 

Scores 1-4) at Peak Sedative Effect (%) 
™Time to Onset of Sedation (min; mean + sD) 31.7 2207 
Time to Peak Sedation (min; mean + sp) 65.0 + 22.9 


*MHX? = 7.29, P = 0.0069; increasing sedation with increasing dose. 
tMHX? = 11.62, P = 0.0007, increasing sedation with increasing dose. 
“Dose vs time to onset significantly related, ANOVA for linear regression F} 42 = 11.11, P = 0.0019. 





H 
10-15 
50 


50 


18.9 + 5.9 
39,0 + 22.3 


HI 
15-20 
80 


92 


18.0 + 10.3 
34.1 + 17.9 


IV 
20-25 
92 


92 


14.1 + 5.2 
36.4 + 10.9 


Table 4. Lowest Arterial Blood Pressures, Heart Rates and Respiratory Rates in 44 Children Premedicated with 1 of 4 
Doses of Oral Transmucosal Fentanyl Citrate (Mean + sp) 


I 


Group 

Dose of fentanyl (ug-kg~') 5-10 

Lowest Systolic Blood Pressure 98.9 + 15.0 
(mm Hg) 

Lowest Diastolic Blood Pressure 60.0 + 10.4 
(mm Hg) 

Lowest Heart Rate 91.8 + 17.6 
(Beats‘min~*) 

Lowest Respiratory Rate” 16:3 23.3 
(Breaths:min“*) 

Lowest Oxygen Saturation (%) 95.6 + 2.0 


I HI IV 
10-15 15-20 20-25 
93.4 + 11.3 91.4 + 7.3 94.4 + 13.3 
59.1 + 9.4 59.4 + 8.3 60.9 + 6.6 
94.3 + 20.8 88.2 + 19.2 95.3 £ 13.2 
16.4 + 4.9 15.9 + 4.1 13.8 + 2.8 
95.3 + 2.3 FE 1.6 91.7 + 4.3T 


*ANOVA for linear trends, F335 = 7.26, P = 0.0100; lowest respiratory rate linearly related to dose. 
tGroup IV is significantly lower than groups 1, I] and IJ] (Duncan’s multiple range test at a 95% confidence level). 


spasm, and one (group II) had a mild preoperative 
upper respiratory infection and was febrile (39°C) 
postoperatively. The latter patient was admitted for 
overnight intravenous penicillin therapy and was 
discharged afebrile the following day. One patient 
(group II) developed a short run of premature ven- 
tricular contractions which abated without treatment. 
No other side effects were noted. 


Discussion 


In this study oral transmucosal fentanyl citrate 
(OTFC) was readily accepted by 45 of 47 children and 
provided significant increases in sedation and good 
or excellent conditions for induction of anesthesia in 
35 of the 44 evaluable patients. We believe the results 
demonstrate that OTFC is effective and, in doses <20 
ug'kg™t, safe in children when used as a premedicant 
prior to induction of anesthesia. Onset of sedation is 
faster and peak sedative effect is greater with higher 
doses but changes in hemodynamics are minimal and 
not related to dose. As expected, OTFC produced 
dose related decreases in respiratory rate. Children 


Figure 2. Mean (+sp) arterial oxygen saturation measured by 
pulse oximetry in children premedicated with oral transmucosal 
fentanyl citrate (OTFC). *P < 0.01; difference among groups. 
+Group IV significantly lower than groups I. II and III (Duncan’s 
multiple range; 95% confidence level). 
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Figure 3. Children’s poise and level of cooperation with the anes- 
thesiologist just prior to anesthetic induction. 


receiving the highest doses of fentanyl (group IV; 
20-25 ug'kg`?) had significantly lower pulse oximeter 
measured oxygen saturations than patients receiving 
lower doses after 30 min. Twenty-five percent of 
group IV had transient arterial oxygen desaturation 
prior to induction of anesthesia. The other principal 
side effects associated with OTFC premedication 
were pruritus preoperatively and pruritus, nausea 
and vomiting postoperatively. The data suggest that 
15-20 pg-kg™’ is the optimal dose range of OTFC 
premedication in healthy children in terms of opti- 
mizing preoperative sedation and minimizing pre- 
operative respiratory side effects. 

Our experience to date, and the work of Leiman 
and coworkers (4) and Nelson et al. (5) confirm that 
clinically significant respiratory depression is rare 
after OTFC given in doses of 15-20 ug-kg™* or lower. 
Only one of 72 children receiving these doses of 
OTFC in the three studies developed arterial oxygen 
desaturation and that was transient. Nonetheless, the 
potential for respiratory depression and perhaps the 
occasional need for naloxone postoperatively after 
OTFC probably exists irrespective of the dose em- 
ployed; this mandates that oxygen saturation be 
monitored during and possibly after (in the recovery 
room) its use. Oxygen desaturation occurring in the 
three patients in group IV in this study was easily 
managed by encouraging the patients to breathe. 

All doses of OTFC were associated with a high 
incidence of facial pruritus preoperatively (90%— 
100%) and postoperatively (33%-70%). Similar inci- 
dences have been found in other studies in which 
OTFC was used for premedication in children (4,5). 
Pruritus was a valuable sign in this study because it 
heralded the onset of sedation; pruritus was not 
disturbing to the children or their parents. The inci- 
dences of postoperative nausea (30%-58%) and vom- 
iting (50%-83%) were high in this study and probably 
were at least partially due to fentanyl. On the other 
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hand, 30 of the 44 patients had strabismus and 
related ophthalmologic operations or ENT surgery 
and most were outpatients. Similar incidences of 
postoperative nausea and vomiting have been re- 
ported by others in outpatient children having eye 
and ear operations and especially after premedication 
with a narcotic analgesic and omission of anti-emetic 
prophylaxis (6-11). 

The influence of OTFC on the volume and pH of 
gastric contents and precperative nausea and vomit- 
ing are potential concerns. Gastric volume and pH 
evaluations were not made in this study but have 
been done in a recent investigation by Leiman and 
coworkers (4). These investigators found that com- 
pared to children receiving no premedication or a 
placebo lollipop, with OTFC changes in gastric pH 
and volume were statistically insignificant. Nonethe- 
less, whether a rapid sequence induction with airway 
protection is indicated rather than a slow inhalation 
induction without additional attention to the airway 
is a potential issue in a child that complains of nausea 
or vomits preoperatively. : 

This study might be criticized for not employing a 
alternative premedication and/or a placebo control for 
comparison as well as for not using a double-blind 
approach for administration of the premedicants and 
evaluation of the patients. The study was performed 
open and without comparison groups because there 
was no previous clinical experience with OTFC in 
children or adults. In addition, even though fentanyl 
is a well known drug, this study was considered a 
phase I trial of a new delivery system. Phase I trials, 
by definition, do not employ comparison groups or 
double-blind approaches in the interest of patient 
safety. In spite of being an open study, we believe 
that the data are valuable because the patients were 
unaware of their group allocations and the scoring 
schedules used reasonably objective end points. Fur- 
thermore, most side effects (respiratory depression, 
pruritus, and vomiting) were obviously present or 
absent. 

This study may also be criticized for not providing 
evaluations of sedation, vital signs, and oxygen sat- 
uration in all patients 30, 40, 60 min, and longer after 
beginning consumption of OTFC. Evaluations at 30 
min and later were accomplished in less than 44 
patients because our patients were being progres- 
sively called to the operating room and we were 
committed to avoidance of delay in our operating 
room schedule. Because some of our patients were 
late in arriving in the preoperative holding area and, 
therefore, were late having their baseline data re- 
corded and premedication administered, we had to 
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Table 5. Recovery Room Data in 44 Children Given Oral Transmucosal Fentanyl Citrate (OTFC) for Premedication 


(Mean + sp) 


I 


Group 
Dose Range of OTFC (ug'kg`') 5-10 
Awakening (Spontaneous Eye Opening; min) 46.4 + 33.6 
First Response to Verbal Command (min) 48.2 + 24.4 
Recovery Room Discharge (min) 79.4 + 49.7 


Table 6. Incidence of Side Effects in 44 Children Given 
Oral Transmucosal Fentanyl Citrate (OTFC) 
Premedication (%) 


Group I I II IV 
Dose Range of OO hmh 
(ug'kg™t) 5-10 10-15 15-20 20-25 
N 10 10 12 12 
Preoperative 
Pruritus 90 90 92 100 
Nausea 0 0 17 0 
Vomiting 0 0 0 8 
Operating Room 
Pruritus 0 0 0 0 
Nausea 0 0 0 0 
Vomiting 0 0 0 0 
Recovery Room 
Pruritus 70 70 33 33 
Nausea 50 30 42 58 
Vomiting 80 80 50 83 


allow them to leave the holding area sooner than 
expected. 

The ease of patient acceptance, rapid onset of 
sedation, high incidence of good or excellent condi- 
tions for induction of anesthesia, and apparent lack of 
prolonged recovery after OTFC suggest it may have 
value as a premedicant in healthy children. Although 
premedication may not be appropriate for every 
child, because of the associated side effects and need 
for oxygen saturation monitoring, OTFC may play a 
role in the perioperative management of the nervous, 
frightened, and psychologically unprepared child. 
We believe these findings indicate that OTFC should 
be compared to other premedicants using more tra- 
ditional routes of administration in children to deter- 
mine if the benefits of this form of premedication 


II Ii] IV 
10-15 15-20 20-25 
Time from Last Anesthetic Agent off (Min) žo: 
40.4 + 21.2 33.7 = 22.0 37.9 + 20.6 
46.6 + 24.1 38.3 + 21.6 43.5 + 17.0 
70.0 + 21.7 75.8 + 65.7 85.6 + 36.7 


outweigh the associated side effects of pruritus, nau- 
sea, vomiting, and infrequent postcperative respira- 
tory depression. 
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Hemodynamic and Cardiodynamic Effects of Propofol and 
Etomidate: Negative Inotropic Properties of Propofol 
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BRUSSEL T, THEISSEN JL, VIGFUSSON G, 
LUNKENHEIMER PP, VAN AKEN H, LAWIN P. 
Hemodynamic and cardiodynamic effects of propofol and 
etomidate: negative inotropic properties of propofol. 
Anesth Analg 1989;69:35—-40. 


The hemodynamic effects of an induction dose of propofol, 2.5 
mg/kg, or etomidate, 0.3 mg/kg, were studied in eight dogs. 
In addition, cardiodynamic changes were measured using a 
left ventricular catheter and needle force probes. Propofol was 
associated with significent decreases in systolic (19.9%) and 
diastolic (25.3%) arterial pressures associated with a 17.3% 
decrease in cardiac output (CO) and a 11.6% reduction in 
systemic vascular resistance (SVR) without change in pul- 
monary capillary wedge pressure (PCWP). These changes 
were most pronounced 1 min after the injection of propofol. 


Propofol (2,6 diisopropylphenol) is an intravenous 
anesthetic that is currently undergoing clinical trials 
in the United States. Propofol, as 1% w/v aqueous 
solution in 10% w/v soya bean oil, 1.2% egg phos- 
phatide, and 2.25% w/v glycerol, has pharmacologi- 
cal properties similar to the earlier formulation with 
Cremophor EL (1-3), but due to a loss of potency, the 
recommended induction dose is slightly greater (1). 
The induction of anesthesia with propofol is often 
associated with a marked decrease in systemic arterial 
pressure in humans (1-11). Whether this effect is the 
result of a decrease in preload, a decrease in after- 
load, a negative inotropic property of the drug, or the 
combination of all the above cannot be ascertained 
from the literature as the results of different studies 
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At 5 and 10 min after the administration of propofol, heart 
rate (HR) decreased significantiy. Minimal changes in he- 
modynamics were observed with etomidate. Propofol lowered 
systolic left ventricular pressure (LVPsys) by 17.6%. Sig- 
nals generated by the force probes in the left ventricular 
myocardium showed a significant reduction (16.3%) in left 
ventricular force (LVF) and a decrease in early systolic rates 
of increase in force (aF/dt max) by 23.5% associated with 
propofol. In the presence of an unchanged preload, an 
unchanged HR, and a decreasea SVR, the reduction in CO 
suggests that propofol has a negative inotropic effect. This 
negative inotropic effect was confirmed by a reduction in LVF 
and dE/dt max. 


Key Words: ANESTHETICS, INrRAVENOUS— 
propofol, etomidate. 


are conflicting. The aim of this study was to deter- 
mine the role, if any, of the negative inotropic effect 
of propofol in causing arterial hypotension. The re- 
sponses to propofol were compared to those pro- 
duced by etomidate. Both drugs were used in doses 
recommended for the induction of anesthesia in 
humans. The study was approved by the University 
of Münster, Medical Faculty Animal Investigation 
Committee. 


Methods 


Eight mongrel dogs of both sexes weighing 38.1 + 8.5 
kg were studied. The animals were premedicated 
with ketamine, 12 mg/kg IM. Anesthesia was then 
induced with ketamine, 1 mg/kg IV, and fentanyl, 25 
ug/ke IV. After tracheal intubation the animals were 
mechanically ventilated with 67% nitrous oxide in 
oxygen. In addition, anesthesia was maintained by a 
continuous infusion of ketamine, 9 mg ke™! hrt, 
and fentanyl, 3 ug kg™* hr7?, throughout the entire 
experiment. Carbon dioxide tension was kept be- 
tween 38 and 42 mm Hg as assessed by continuous 
measurement of end-tidal carbon dioxide concentra- 
tion and the repetitive analysis of arterial blood gas 
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Figure 1. Enlarged view of the needle force prcbe. 1 = strain 
gauge; 2 = flexible bar; 3 = promontory in the window part of the 
flexible bar; 4 = outer tube; 5 = lateral window; 6 = bar support; 7 
= PE-catheter. Reproduced with permission from J.L. Theissen et 
al.: “Local Forces in the myocardium.” Br J Anaesth. 1988; 
60:72S-77S. 


tensions. A femoral artery catheter, a central venous 
catheter and a balloon-tipped flow directed ther- 
modilution pulmonary arterial catheter were in- 
serted. Left thoracotomy and pericardiotomy were 
performed. A Millar Mikro-Tip Catheter Pressure 
Transducer (Millar Instruments Inc., Houston, Tex) 
was inserted into the left ventricle through the apex 
of the heart. Three needle force probes, 1.2 mm in 
diameter and 9 mm long (Ergopuls, Stroh Magstadt) 
as shown in Figure 1, were implanted into the left 
ventricular wall parallel to the epicardial surface 
(12,13). Two of these were implanted into superficial 
layers of the myocardium and the other one into 
midwall layers. The pericardium was closed. A tho- 
racic drainage tube was placed and the chest wall 
closed. Body temperature was measured by a rectal 
probe and maintained between 36 and 38°C by means 
of heating lamps. Heart rate (HR), systemic arterial 
pressures, right atrial pressure (RAP), pulmonary 
artery pressure (PAP), left ventricular pressure 
(LVP), and the signals generated by the needle force 
probes were recorded continuously. Pulmonary cap- 
illary wedge pressure (PCWP) was recorded intermit- 
tently and cardiac output (CO) was measured in 
duplicate using the thermodilution technique with 5 
mL iced saline. Mean arterial pressure (MAP) and 
' systemic vascular resistance (SVR) were calculated 
using standard formulae (14). 

After the preparation, a 3- to 4-hr stabilization 
period was allowed before baseline measurements 
were taken. Propofol, 2.5 mg/kg, or etomidate, 0.3 
mg/kg, were given in a randomized, cross-over se- 
quence via central venous line over 30 sec. Hemody- 
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namic parameters were measured 1, 3, 5, and 10 min 
after the administration of the first drug. Ninety 
minutes after all parameters had returned to baseline 
levels the second drug was given. Again, all hemo- 
dynamic and cardiodynamic values were measured 1, 
3, 5, and 10 min after drug administration. 

Mean values and standard error of the mean were 
calculated for each measurement. Statistical analysis 
was done using the Friedman test and P < 0.05 was 
considered statistically significant. 


Results 


The entire experiment was performed under basal 
anesthesia maintained by nitrous oxide and the con- 
tinuous infusion of ketamine ard fentanyl. 

No significant differences could be seen between 
the baseline values of the two groups. The hemody- 
namic responses during the first ten minutes after the 
injection of either propofol, 2.5 mg/kg, or etomidate, 
0.3 mg/kg, are summarized in Table 1. Propofol 
caused significant reductions in systolic (SAP, 19.9%) 
and diastolic (DAP, 25.3%) arterial pressures as well 
as in MAP (22.8%). The greatest decrease in MAP 
(22.8%) was observed one minute after the adminis- 
tration of propofol. Thereafter arterial pressure 
showed a slight tendency to increase. With etomi- 
date, systemic arterial pressure was not changed. In 
the propofol treated animals HR decreased at 5 and 
10 min. The small decrease in HR that occurred with 
etomidate was not significant. 

A decrease in CO to its lowest level from 5.2 + 0.3 
L/min to 4.3 + 0.4 L/min was observed when propo- 
fol was given. This decrease of 17.3% was not statis- 
tically significant. However, more important than 
mean values were the changes in individual animals. 
In Figure 2 it can be seen that propofol caused a 
sudden decrease in CO in 6 of the & animals. In one 
animal CO decreased by more than £0%. The increase 
in CO in another animal was caused by a marked 
increase in HR of unknown origin. Etomidate had no 
influence on CO. The moderate 11.6% decrease in 
SVR one minute after propofol was not seen with 
etomidate. PCWP did not change in either group. 

Two types of force signals were generated by the 
needle force probes within the myocardium. Figure 3 
shows the typical implantation s:tes and the resulting 
signals of the force probes. The afterloaded—-type 
increases during the ventricular ejection period. In 
histological preparations of previcus experiments, 
this type of force signal was found to originate from 
areas where the force probe was coupled to oblique 
transmural fibers (13,15,16). These fibers are espe- 
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Table 1. Hemodynamic Changes During the First 10 Min After the Injection of Either Propofol 2.5 mg/kg or 


Etomidate 0.3 mg/kg 


3 min 5 min 10 min 
100.6 + 7.1* 103.3 + 7.3 104.5 + 7.6 
65.4 + 5.1* 68.1 + 4.7 69.9 + 4.8 
77.9 = 5.6" 79.4 + 5.6 81.1 + 5.7 
109.6 + 7.4 104.9 + 8.2* 105.6 + 7.6* 
4.4 + 0.4 4.5 + 0.4 4.5 + 0.4 
1246 + 146 1238 + 147 1305 + 152 
99+0.8 9.8 + 0.8 9.8 + 0.8 
121.5 + 7.9 120.9 + 7.3 120.5 + 6.8 
79.8 + 6.2 80.1 + 6.1 81.6 + 5.1 
93.5 + 6.3 93.6 + 5.9 94.4 + 5.1 
112.0 + 6.0 111.5 + 6.5 113.8 + 6.1 
5.1 = 0.3 5.2 + 0.3 5.4+0.5 
1266 + 111 1256 + 97 1284 + 151 
10.1 + 0.8 10.3 + 0.6 10.0 + 0.9 


Baseline I min 
PROPOFOL 
SAP (mm Hg) 120.9 + 7.0 96.9 + 6.4* 
DAP (mm Hg) 80.4 + 6.6 60.1 + 4.4* 
MAP (mm Hg) 93.3 + 6.5 721 52 
HR (beats/min) 114.4 + 5.9 110.4 + 6.8 
CO (L/min) 5240.3 4.3 + 0.4 
SVR (dyn s cm”) 1297 + 125 1147 + 136 
PCWP (mm Hg) 10.0 + 0.6 9.5 + 0.7 
ETOMIDATE 
SAP (mm Hg) 1215 = 7.2 120.6 + 7.9 
DAP (mm Hg) 80.0 + 5.5 79.3 + 5.0 
MAP (mm Hg) 93.9 + 5.2 93.1 + 5.6 
HR (beats/min) 117.0 + 7.1 113.5 + 6.4 
CO (L/min) 5.2 + 0.3 5.0 + 0.2 
SVR (dyn s cm”) 1282 + 104 1285 + 86 
PCWP (mm Hg) 9.1 + 0.6 10.1 + 0.6 


SAP = systolic arterial pressure; DAP = diastolic arterial pressure; MAP = mean arterial pressure; HR = heart rate; CO = cardiac output; 
SVR = systemic vascular resistance; PCWP = pulmonary capillary wedge pressure; (n = 8), mean + SEM, *P < 0.05. 


PROPOFOL 


Cardiac output ( Imin!) 





1 3 5 10 
Time (min ) 


Figure 2. Cardiac output during the first 10 min after the injection 
of propofol 2.5 mg/kg. 


cially sensitive to geometric alterations of the heart 
(15,16). The unloading force signal decreases in force 
during ventricular ejection. This type of force signal 
was previously found when surfaceparallel fibers in 
the epicardium surrounded the probe. Variations of 
this latter force type paralleled left ventricular pres- 
sure alterations in earlier experiments (13,15-17). Left 
ventricular force (LVF) was determined as the ampli- 
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Figure 3. Implantation sites of the needle force probes; after- 
loaded signals are generated when the probe is coupled to oblique 
transmurally orientated fibers (2); unloaded signals emerge from 
areas where the fiber orientation is parallel to the ventricular 
surface (1). Reproduced with permission from J.L. Theissen et al.: 
“Local Forces in the myocardium.” Br J Anaesth. 1988;60:72S—77S. 


tude of the generated signals. The early systolic 
rates of increase in force (force velocity rise index; 
dF/dt max) was derived from the force signals by 
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Table 2. Cardiodynamic Changes During the First 10 Min After the Injection of Either Propofol 2.5 mg/kg or 


Etomidate 0.3 mg/kg 


Baseline 1 min 3 min 5 min 10 min 
PROPOFOL 
LVP.,, (mm Hg) 111.9 + 6.0 92.3 = 5:6" 91.8 + 4.9* 97.5 + 6.8 oy i pea eo 
LVF 100.0 83.7 + 4.0* 87.7 + :3.5* 87.2 + 3.6* 87.5 + 2.8* 
(% of Baseline) 
dF/dt max 100.0 76.5 + 4.9* 80.0 + 5.7* 83.9 + 6.0 82.9 + 6.4 
(% of Baseline) 
ETOMIDATE 
LV Pays (mm Hg) 110.3 + 4.8 109.1 + 4.7 107.6 + 5.7 108.3 + 4.1 111.1 + 4.0 
LVF 100.0 98.0 + 0.8 95.9 + 2.4 94.5 + 2.8 98.1 + 1.2 
(% of Baseline) 
dF/dt max 100.0 99.6 + 2.8 94.6 + 2.5 95.5 4+ 1.8 99.8 + 2.1 
(% of Baseline) 
LVP,,. = systolic left ventricular pressure; LVF = left ventricular force; dF/dt max = early systolic rates of increase ir forc2; (n = 8), mean + SEM, 


*P < 0.05. 


determining the maximum slope of the generated 
signal. 

Data on LVF and dF/dt max are not presented in 
absolute values but as percents of baseline values of 
the amplitude (LVF) or slope (dF/dt max) of the force 
signals. The effects of propofol, 2.5 mg/kg, and etomi- 
date, 0.3 mg/kg, on cardiodynamics are shown in 
Table 2. The decrease in systemic arterial pressure 
produced by propofol was paralleled by a significant 
(17.6%) reduction in systolic left ventricular pressure 
(LVP,,,) below baseline levels. Analysis of the un- 
loading-type force probe signals showed a 16.3% 
decrease (P < 0.05) in LVF below baseline levels one 
minute after propofol with only a mild subsequent 
increase. Etomidate did not alter LVP,,, or LVF. Even 
more pronounced was the effect of propofol on dF/dt 
max. In contrast to etomidate, propofol was associ- 
ated with a significant 23.5% reduction in dF/dt max 
with only a slight tendency to recover. The after- 
loaded type of force curve showed only minor 
changes. It can be assumed that the geometry of the 
ventricle did not change with either drug. 


Discussion 


Nitrous oxide, ketamine, and fentanyl were given 
throughout the present experiments. We therefore 
cannot exclude that these agents modified the hemo- 
dynamic or cardiodynamic alterations associated with 
propofol and etomidate. However, because baseline 
measurements as well as all measurements after the 
administration of propofol or etomidate were made 
under equal anesthetic conditions, it seems likely that 
the observed changes can be ascribed to either of the 
two drugs that were added. 


Comparisons of intravenous anesthetic agents re- 
quire the use of equipotent doses. A study comparing 
the effects of different doses of propofol and etomi- 
date in dogs does not exist. Grounds et al. (18) found 
the relative potency of propofol compared to thiopen- 
tal to be 1:1.6 in humans (inducing sleep in patients). 
This corresponds to doses of propoiol 2.5 mg/kg and 
thiopental 4.0 mg/kg. Kissin and colleagues (19) stud- 
ied the potencies of etomidate and propofol in dogs. 
They reported equianesthetic doses (doses blocking 
movement response to noxious stimuli) to be 1.4 
mg/kg for etomidate and 15.5 mg/kg for thiopental. If 
the relation of doses for etomidate, thiopental and 
propofol recommended for induction of anesthesia in 
humans (0.3 mg/kg, 4.0 mg/kg, ar.d 2.5 mg/kg, re- 
spectively) are compared, they are in close agreement 
with those reported by Grounds (18), Kissin (19), and 
co-authors. Although these reports do not compare 
the same anesthetic level in one species, their results 
suggest that 0.3 mg/kg of etomidate and 2.5 mg/kg of 
propofol may be equipotent in dogs. 

Rapid and significant decreases in systemic arterial 
pressures produced by propofol. 2.5 mg/kg, were not 
seen with etomidate, 0.3 mg/kg. The decrease in 
MAP associated with propofol by 22.8% was paral- 
leled by a 17.6% decrease in systolic LVP. In combi- 
nation with a 11.6% reduction in SVR, CO decreased 
17.3% and HR slowed 3.5%. Similar reductions in 
MAP produced by propofol were reported by 
Grounds et al. (5) and Fahmy (6) et al. using 2.5 
mg/kg of propofol, and by Claeys (7), Coates (8), 
Monk (9), and coworkers with an induction dose of 
propofol, 2.0 mg/kg, followed by an infusion of 
propofol. The degree of hypctension reported in 
association with propofol is variable. Patrick et al. (10) 
observed a 25% decrease in MAP with a smaller 


g 


NEGATIVE INOTROPIC PROPERTIES OF PROPOFOL 


induction dose (1.5 mg/kg of propofol) in heavily 
premedicated patients with ischemic heart disease, 
all of whom were receiving beta-receptor blocking 
agents. Stephan et al. (20) reported only a 15.0% 
decrease in MAP with propofol, 2.0 mg/kg, in pa- 
tients with ischemic heart disease on treatment with 
calcium antagonists or beta—receptor blocking agents 
and nitrates. These variations may be due to differ- 
ences in technique, experimental conditions, pre- 
study drug therapy, premedication, concomitant 
drug administration, and preexisting cardiovascular 
disease. However, even in a single study, a wide 
range of responses in cardiovascular parameters 
could be observed (9). 

Different reasons have been suggested for the 
decrease in MAP associated with propofol. Fahmy 
(6), Claeys (7), Patrick (10), Profeta (21), and associ- 
ates found significant decreases in SVR with little 
change in CO. On the other hand, significant de- 
creases in CO with little change in SVR were seen by 
Van Aken (22), Williams (23), Stephan (20), and 
coworkers. However, as in the present study, most 
investigators found the combination of a reduction in 
CO and SVR to be responsible for the decrease in 
MAP (5,7-9,24,25). The variation in the degree of 
reported hemodynamic alterations may be explained 
partly by the additional use of nitrous oxide and its 
cardiovascular effects. Tke observed decrease in SVR 
associated with the reduction in MAP due to propofol 
may be the result of a direct effect of the drug on 
vascular smooth muscle, or represent an alteration in 
baroreceptor activity that would otherwise lead to an 
increase in sympathetic nervous outflow. A similar 
interference with baroreceptors was reported by 
Cullen et al. (26). In their study, propofol caused a 
resetting of baroreceptors to allow a slower HR de- 
spite decreased arterial pressures. The absence of a 
reflex tachycardia in our study may most likely be 
caused by this phenomenon, but an additional influ- 
ence of nitrous oxide or fentanyl cannot be excluded. 
Al Khudhairi et al. (27) reported a significant increase 
in HR associated with the induction of anesthesia 
with propofol in patients with ischemic heart disease. 
The reason for the increase in HR is unclear and even 
somewhat surprising since all patients were treated 
with beta—blocking agents. The increase may be at- 
tributed in part to an increase in PaCQ,. 

The absence of an increase in HR associated with 
etomidate in this study is not surprising. In contrast 
to the majority of intravenous induction agents, 
Bruckner et al. (28) found that etomidate does not 
necessarily lead to an increase in HR. 

Changes in CO may be caused by alterations in 
preload, afterload, HR, and myocardial contractility. 
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In the present data, the 17.3% reduction in CO in the 
presence of an unchanged preload and HR and a 
reduced SVR, strongly suggests a negative inotropic 
effect for propofol. Such a reduction in myocardial 
contractility was supported by the data derived from 
the signals of the implanted force probes. The data 
showed a statistically significant 16.3% decrease in 
LVF and a significant 23.5% reduction in dF/dt max. 
The reduction of systolic maxima of contraction may 
be explained by a reduction of afterload, but the 
decrease in dF/dt max with an almost unchanged HR 
and preload can only represent a negative inotropic 
effect of propofol. 

The reduction in SVR without a decrease in RAP or 
PCWP suggests that the vasodilating effect of propo- 
fol involves mainly arteries and arterioles rather than 
capacitance vessels. Therefore early intravenous in- 
fusion of electrolyte solution to reduce the decrease in 
MAP by increasing the myocardial fiber tension is not 
likely to be effective. This seems to be of even greater 
importance as propofol blocks potential compensa- 
tion associated with an increase in HR. 

The absence of a reflex tachycardia associated with 
the administration of propofol may be considered 
beneficial in that there is no associated increase in 
myocardial oxygen consumption. However, a stable 
heart rate accompanied by decreases in CO and SVR 
that cause a significant decrease in MAP may result in 
inadequate peripheral perrusion pressure and inade- 
quate oxygen delivery. Whether the decrease in con- 
tractility that was observed in the present study is a 
direct effect of propofol on cardiac muscle or the 
result of a mismatch in oxygen supply and oxygen 
consumption is unknown. Propofol therefore should 
be used with care in patients with coronary artery 
disease, in hypovolemic patients, and in cases where 
an additional cardiodepressant drug might be added. 


References 


1. Cummings GC, Dixon J, Kay NH, Windsor JPW, Major E, 
Morgan M, Sear JW, Spence AA, Stephenson DK. Dose 
requirements of ICI 35868 (propofol, ‘Diprivan’), a new formu- 
lation for induction of anaesthesia. Anaesthesia 1984;39:1168— 
71. 


2. Glen JB, Hunter SC. Pharmacolcgy of an emulsion formulation 
of ICI 35868. Br J Anaesth 1984;56:617-26. 

3. Kay NH, Uppington J, Sear JW, Allen MC. Use of an emulsion 
of ICI 35868 (propofol) for the induction and maintenance of 
anaesthesia. Br J Anaesth 1935;57:736-42. 

4. Nightingale P, Healy TEJ, Hargreaves J, McGuiness K, Kay B. 
Propofol in emulsion formulation. Induction characteristics 
and venous sequelae. Eur J Anzesthesiol 1985;2:361-68. 

5. Grounds RM, Twigley AJ, Carli F, Whitwam JG, Morgan M. 
The haemodynamic effects of in-ravenous induction. Compar- 


ison of the effects of thiopentone and propofol. Anaesthesia 
1985;40:735-40. 


40 


10. 


iL. 


12. 


13; 


14. 


15. 


16. 


17. 


ANESTH ANALG 
1989;69:35-40 


. Fahmy NR, Alkhouli HM, Sunder N, Smith D, Kelly MM. 


Diprivan: A new intravenous induction agent. A comparison 
with thiopental. Anesthesiology 1985;63:A363. 


. Claeys MA, Gepts E, Camu F. Haemodynamic changes during 


anaesthesia induced and maintained with propofol. Br J 
Anaesth 1988;60:3-9. 


. Coates DP, Monk CR, Prys—Roberts C, Turtle M, Spelina KR, 


Norley I. Hemodynamic effects of the infusion of the emulsion 
of propofol during nitrous oxide anesthesia in humans. Anesth 
Analg 1987;66:64-70. 


. Monk CR, Coates DP, Prys—Roberts C, Turtle MJ, Spelina KR. 


Haemodynamic effects of a prolonged infusion of propofol as a 
supplement to nitrous oxide anaesthesia. Studies in associa- 
tion with peripheral arterial surgery. Br J Anaesth 1987;59: 
954-60. 


Patrick MR, Blair IJ, Feneck RO, Sebel PS. A comparison of the 
haemodynamic effects of propofol (‘Diprivan’) and thiopen- 
tone in patients with coronary artery disease. Postgrad Med J 
1985;61(Suppl.3):23-7. 


Coates DP, Prys—Roberts C, Spelina KR, Monk CR, Norley 1. 
Propofol (‘Diprivan’) by intravenous infusion with nitrous 
oxide: dose requirements and haemodynamic effects. Postgrad 
Med J 1985;61(Supp!.3):76-9. 


Lunkenheimer PP, Graham G, Stroh N, Welham K, Scharsich 
M. Assessment of local force in the myocardium disproving 
the distinctness of contractility parameters derived from left 
ventricular pressure. Eur Surg Res 1976;8:104—5. 


Theissen JL, Lunkenheimer PP, Redman K, Frieling G, Stroh 
N, Lunkenheimer A. Local forces in the myocardium. Br J 
Anaesth 1988;60:72S-—75. 


Kappagoda CT, Linden RJ. The use of SI units in cardiovascu- 
lar studies. Cardiovasc Res 1976;10:141-8. 


Lunkenheimer PP, Lunkenheimer A, Torrent-Guasp F. Kar- 
diodynamik: Wege zur strukturgerechten Analyse der Myo- 
cardfunktion. In: Zolch KA, ed. Beiträge zur Kardiologie. 
Perimed Fachbuch-Verlagsgesellschaft, Erlangen, 1985;33:106— 
29; 


Lunkenheimer PP, Stroh N, Scharsich M, Koubenec J, 
Schmuziger M, Achatzky R, Dittrich H, Welham K, Graham G. 
Continuous assessment of myocardial force during heart sur- 
gery. Curr Top Crit Care Med 1977;3:28-38. 

Lunkenheimer PP, Lunkenheimer A, Stroh N, Kohler F, Wel- 
ham K, Graham G, Kirk E, Sonnenblick EH, Kroller J. Ver- 


18. 


19. 


20. 


žil: 


22: 


23: 


24. 


25. 


26. 


27. 


28. 


BRUSSEL ET AL. 


gleich klassischer und neuer methodischer Zugänge zum in- 
tramyocardialen Kraftverteilungsmuster. Zentralblatt ftir 
Veterinärmedizin 1982;A29:557-601. 


Grounds RM, Moore M, Morgan M. Tre relative potencies of 
thiopentone and propofol. Eur J Anaesthesiol 1986;3:11~7. 


Kissin I, Motomura 5, Aultman D7, Reves JG. Inotropic and 
anesthetic potencies of etomidate and thiopental in dogs. 
Anesth Analg 1983;62:961-5. 


Stephan H, Sonntag H, Schenk HL, Ke-tler D, Khambatta HJ. 
Effects of propofol on cardiovascular dynamics, myocardial 
blood flow and myocardial metabalism in patients with coro- 
nary artery disease. Br J Anaesth 1386;£8:969-75. 


Profeta JP, Guffin MMS, Mikula RN, Dolman J, Kaplan JA. The 
hemodynamic effects of propofol and thiamylal sodium for 
induction in coronary artery surgery. Anesth Analg 1987; 
66:5142. 


Van Aken H, Meinshausen E, Prien T, Brüssel T, Heinecke A, 
Lawin P. The influence of fentanyl and tracheal intubation on 
the hemodynamic effects of anesth2sia -nduction with propo- 
fol/N,O in humans. Anesthesiology 1988;68:157—63. 


Williams JP, McArthur JD, Walker WE, Teunissen E, Rietsema 
K, Stanley TH. The cardiovascular effezts of propofol in pa- 
tients with impaired cardiac function. Anesth Analg 1986; 
65:5166. 


Aun C, Major E. The cardiorespiratory effects of ICI 35868 in 
patients with valvular heart disease. Anaesthesia 1984; 
39:1096-100. 


Prys—Roberts C, Davies JR, Calverley RK, Goodman NW. 
Haemodynamic effects of infusions of ciisopropylphenol (ICI 
35868) during nitrous oxide anaesthesia in man. Br J Anaesth 
1983;55:105~11. 


Cullen PM, Turtle M, Prys—Roberts C, Way WL, Dye J. Effect 
of propofol anesthesia on baroreflex activity in humans. 
Anesth Analg 1987;66:1115-20. 


Al-Khudhairi D, Gordon G, Morgen M, Whitwam JG. Acute 
cardiovascular changes following disoprofol. Effects in heavily 
premedicated patients with coronary artery disease. Anaesthe- 
sia 1982;37:1007~10. 


Bruckner JB, Gethmann JW, Patschke D, Tarnow J, Weymar A. 
Investigations in the effect of etomidate on the human circu- 
lation. Anaesthesist 1974;23:322-30. 


iy 


ANESTH ANALG 41 
1989;69:41-5 


Penile Block via the Subpubic Space in 100 Children 


Bernard Dalens, mp, Guy Vanneuville, Mp, and Pierre Dechelotte, MD 


DALENS B, VANNEUV-LLE G, DECHELOTTE P. Penile 
block via the subpubic sace in 100 children. Anesth 
Analg 1989;69:41-5. 


A technique for blocking the dorsal nerves of the penis was 
designed after reevaluation of the gross anatomy of the 
subpubic space and penis in children. The technique consists 
of inserting a short bevel needle in the two compartments of 
the subpubic space, where the nerves run before entering the 
base of the penis, and of injecting a small volume (0.1 
mL/kg of body weight) of local anesthetic. This two- 
puncture procedure was prospectively evaluated in 100 
children undergoing surgery of the penis under light 
general anesthesia. The local anesthetic was a solution of 


Superficial operations on the penis, especially cir- 
cumcision, usually cause severe postoperative pain. 
Several anesthetic techniques have been described for 
providing satisfactory anesthesia, but penile block 
appears the most dependable technique because it is 
a peripheral procedure aimed at blocking the nerves 
that supply sensory innervation to the foreskin and 
glans. Basically, penile block consists of piercing at 
the base of the penis the penile fascia (Buck’s fascia) 
under which run the dorsal nerves of the penis and 
injecting the local anesthetic there (1,2). However, 
Buck’s fascia is tightly attached to the corpora caver- 
nosa, and our anatomical studies showed that it was 
virtually impossible to pierce the fascia without pen- 
etrating the corpora cavernosa. 

We reevaluated the gross anatomy and relations of 
the dorsal nerves of the penis on cadavers of children 
and found that these nerves could be more safely 
approached via the subpubic space, as reported by 
Brown and Schulte-Steinberg (3), rather than via the 
almost potential space lying between the penile fascia 
and the corpora cavernosa. Based on these anatomi- 
cal considerations, a two-puncture technique was 
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1% lidocaine (Group A) or 0.5% bupivacaine (Group B). 
The technique did not require any special skill and was 
successful in all patients. In four cases, the block needle was 
withdrawn and reinserted due to venous blood reflux. No 
complications occurred and anesthesia was satisfactory for 
completion of surgery. The duration of postoperative pain 
relief was significantly longer in patients given bupivacaine 
than in those given lidocaine. It is concluded that the 
subpubic approach to the dorsal nerves of the penis is easy, 
safe, and reliable, and that 0.5% plain bupivacaine provides 
long-lasting postoperative pain relief. 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—-penile block. ANESTHESIA—pediatric. 


prospectively evaluated on 100 pediatric patients un- 
dergoing surgery of the foreskin and glans. The study 
protocol received institutional approval. 


Methods and Materials 
Anatomic Considerations 


The ilioinguinal and genitofemoral nerves contribute 
some fibers to the skin covering the base of the penis, 
but sensory innervation of the penis is mainly pro- 
vided by the two dorsal nerves of the penis that are 
terminal branches of the pudendal nerves. The pu- 
dendal nerves originate from the sacral plexus, deriv- 
ing their fibers from the 2nd to the 4th sacral spinal 
nerves (Figure 1). At the distal part of the pudendal 
canal where they run into the ischial fossa, the 
pudendal nerves give off the inferior hemorrhoidal 
nerve and then divide into their two terminal 
branches: 1) the perineal nerve, which supplies the 
scrotum and several perineal muscles and 2) the 
dorsal nerve of the penis (dorsal nerve of the clitoris 
in the female). 

The dorsal nerves of the penis pass under the 
pubic bone through the substance of the suspensory 


ligament of the penis (fundiform ligament) and then 


run immediately lateral to the dorsal artery of the 
penis at the inner aspect of the penile fascia (Buck’s 
fascia), close to the corpora cavernosa. After their 
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Figure 1. Gross anatomy of the pudendal nerve and its division 
branches: 1) Superficial fascia of the abdominal wall; 2) Deep layer 
of the superficial fascia of the abdominal wall (Scarpa’s fascia); 3) 
Subpubic space; 4) Superficial laver of the superficial fascia of the 
abdominal wall; 5) Penile fascia (Buck’s fascia); 6) Pudendal nerve; 
7) Inferior hemorrhoidal nerve; 8) Dorsal nerve of the penis; 9) 
Perineal nerve. 


emergence from under the pubic bone, the dorsal 
nerves are enclosed in a fat-filled space, poorly de- 
scribed in textbooks of anatomy, the subpubic space 
(Figure 2). The subpubic space is roughly dihedral 
and its boundaries are above and posteriorly, the 
public bone and the perineal membrane; below and 
posteriorly, the horizontal part of the corpora caver- 
nosa covered by.a fibrous envelope (continuous with 
Buck’s fascia at the neck of the penis); anteriorly: 1) 
the deep layer (also termed Scarpa’s fascia) of the 
superficial fascia of the abdominal wall (fascia super- 
ficialis) which contributes medially to the fundiform 
ligament (Figure 2) and is continuous with Buck’s 
fascia, then 2) the superficial layer of the superficial 
fascia, and then 3) the skin covering the pubic area. 
The superficial layer of the fascia superficialis is thick 
but areolar and loosely packed, whereas the deep 
layer (Scarpa’s fascia) is membranous and contains 
elastic fibers. 

The subpubic space is usually divided at midline, 
within the substance of the suspensory ligament of 
the penis, in two non-communicating compartments 
(Figure 3). Therefore a single puncture technique is 
not suitable for blocking the two dorsal nerves of the 
penis at the level of the subpubic space. 


Patients 


One hundred ASA 1 male children scheduled for 
operations on the penis were selected after informed 
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consent had been obtained from parents and, as often 
as possible, from the children themselves. The pa- 
tients ranged in age from 3 months to 16 years (5.3 + 
3.4 years) and the main indications for surgery were: 
phimosis (49 patients), ritual circumcision (30 pa- 
tients, all Muslims), hypospadias repair (15 patients, 
including 11 with glandular and 4 with penile hypos- 
padias), paraphimosis (3 patients), biopsies of the 
glans and foreskin (2 patients), anc. traumatic wound 
of the penis (1 patient). 


Methods 


Anesthetic methods. All procedures were carried 
out in operating rooms under lizht zeneral anesthesia 
(without tracheal intubation) after insertion of a pe- 
ripheral venous line, as is usual in our unit for 
regional block procedures in children (4,5). Anesthe- 
sia was maintained with use oZ 0.25-0.5% halothane 
in 65% N,O/35% O». 

We used 30-mm short beveled 23-gauge needles 
designed at our specifications by Eugédia™ (France) 
for caudal block (6). Two anesthetic solutions free of 
epinephrine were used: 1% lidocaine in the first 50 
patients (Group A) and 0.5% bupivacaine in the 
remaining 50 (Group B). These solutions were admin- 
istered on a weight basis: 0.1 mL/kg for each injec- 
tion, thus accounting for a 0.2 mL/kg total volume 
(i.e., 2 mg/kg for lidocaine and 1 mg/kg for bupi- 
vacaine). 


The subpubic approach to the dorsal nerves of the 
penis. The patients were placed supine in the dorsal 
recumbent position. The landmarks were: 1) the 
symphysis pubis and 2) the inferior ramus of the 
pubic bone from both sides. Two sites of puncture 
were marked on the skin 0.5 (infants) to 1 cm (older 
children) lateral to the symphysis pubis and immedi- 
ately below the right and left interior rami of the 
pubic bone (Figure 4 A). 

The base of the penis was gently pulled down (to 
favor bending of Scarpa’s fascia). The block needle 
was then inserted and advancec posteriorly at a 
70-80° angle to the skin, slightly medially and cau- 
dally (approximately 10~20° in the two directions) 
(Figure 4 B). After a first (smocth) “give” was felt as 
the superficial layer of the superticial fascia of the 
abdomen was pierced, the neecle was advanced until 
another (more marked) “give” was felt when Scarpa’s 
fascia was crossed as the tip of needle entered the 
subpubic space. The solution af local anesthetic was 
then injected slowly after aspiration tests. 


ar 
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iG 
Figure 2. Gross anatomy of the subpubic i h 
space. (The right parts of the fundiform 
ligament and Scarpa’s fascia have been 
removed). 1) Right compartment of the 
subpubic space (uncovered); 2) Fundiform 
ligament; 3) Scarpa’s fascia (deep layer of 
the superficial fascia of the abdominal 
wall); 4) Corpora cavernosa (covered by 


Buck’s fascia). 





Figure 3. Spread of a solution containing contrast media in the 
right part of the subpubic space. Note the lack of diffusion toward 
the left part of the subpubic space. 


The same procedure was then performed at the 
second site, and 15 minutes were allowed for estab- 
lishment of the sensory block before surgery began. 


Monitoring procedures and evaluation of anesthe- 
sia. Electrocardiogram tracings, respiratory rate, 
blood pressure (Dinamap), tidal volume, and end- 
tidal CO, were monitored during the procedures. 
The penile block was considered successful when the 
scheduled operation was achieved without any addi- 
tional treatment (intravenous narcotics, increased 
concentrations of halothane, or intravenous seda- 
tives). The extent of analgesia was evaluated after 
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completion of surgery by skin pinching. Duration of 
the sensory block was measured as the time between 
injection and the first evidence of pain (complaints of 
pain, crying, grimacing, episodes of restlessness). 
Most patients were discharged after the 6th postop- 
erative hour or after their first spontaneous micturi- 
tion. All patients were re-examined the day after 
surgery. 


Statistical methods. Results, expressed as mean + 
sp, were analyzed using Mann-Whitney test. Quali- 
tative parameters were evaluated using chi-square 
test. 


Results 


The block procedure was successful in all patients, 
and no additional treatment was required for comple- 
tion of surgery. In four patients (two in each group), 
venous blood reflux occurred. The needle was then 
withdrawn and reinserted without further vascular 
penetration before injection. The depth at which the 
block needle was inserted varied from 8-30 mm and 
was not correlated to patient’s age or weight. 

The anesthetized area included all the structures of 
the penis except the skin covering its base, whereas 
the scrotum remained unaffected. All the patients of 
Group A experienced pain 3-6 hours (4.2 + 1.2 
hours) after the injection of lidocaine, whereas only 
two patients given bupivacaine produced evidence of 
pain 5 and 6 hours, respectively, after they had been 
returned to their bed. The remaining 48 patients of 
Group B did not complain of pain during the first 24 
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Figure 4. Blocking procedure. A, Landmarks and sites of punc- 
ture. B, Technique. Note the finger pulling down gently the base of 
the penis. 


hours. The difference between the two groups is 
statistically significant (P < 1076). 

The first spontaneous micturition was slightly, but 
not significantly, delayed in Group B (4.5 + 1.9 hr; 
extreme values: 1.5 to 7.5 hr) as compared with 
Group A (3.5 + 2.1 hr; extreme values: 0.5 to 7.5 hr). 
No complications occurred, and the only adverse 
effect was in a 6-yr-old patient of Group A who 
complained of headache for 3 hr following the oper- 
ation. 
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Discussion 


Postoperative pain after operations on the penis of 
young patients is perhaps particularly a problem 
because the surgical procedure itself is frequently 
minor (cure of phimosis, circumcision), whereas the 
pain produced is both severe and long-lasting. Nu- 
merous anesthetic techniques have been recom- 
mended, including administration of parenteral nar- 
cotics (7-9), caudal block (9-11), subcutaneous ring 
block at the base of the penis (12,13), topical anesthe- 
sia (14,15), and dorsal nerve block (1,2,10,14,16,17). 
Parenteral narcotics do not always guarantee appro- 
priate postoperative pain relief (6,8). Caudal blocks 
are very effective, but performing a central block for 
minor surgery is controversial, ard adverse effects 
such as vomiting and delayed micturition are not 
unusual (10). Topical anesthesia with use of any of 
the available preparations of lidocaine (ointment, 
spray, jelly) is simple, can be repeated, and is appar- 
ently safe (but systemic absorption has not been 
evaluated); however, persistence of mild or moderate 
pain is not unusual (14,15), and bacterial contamina- 
tion of the surgical wound may result from repeated 
applications because “touching of the wound during 
the application is usually unavoidable” (15). Blocking 
the dorsal nerves of the penis, either at random by a 
“subcutaneous” ring of local anesthetic (12,13) or 
more accurately by a specific block procedure (1,2) 
appears more logical. Blind injections of a “small” 
volume of local anesthetic (bupivacaine), especially 
dorsally in the midline, may damage the dorsal 
vessels of the penis, with potential risks of compres- 
sive hematomas and systemic toxicity. 

Dorsal nerve block as described by Soliman and 
Trembley (1) is technically difficult. The procedure 
requires considerable skill and, in a number of pa- 
tients, surgical anesthesia is not abtained (1,10,16). 
Furthermore, the procedure may lead to complica- 
tions as severe as gangrene of the glans penis (18). In 
our opinion, on the basis of our anatomical studies, 
the dorsal nerves of the penis should not be ap- 
proached at the level of the penis. 

Approaching the nerves from within the subpubic 
space is anatomically rational and our prospective 
study has proved its reliability in 100 consecutive 
patients. The technique is simple and free of danger 
to any important structures. Furthermore, due to the 
size and limits of the subpubic space, vascular is 
virtually impossible, even if a large volume is in- 
jected. However, because there is usually a medial 
division of this space, a single puncture technique 
within the suspensory ligament (3) will not predict- 
ably provide satisfactory anesthesia. The two-punc- 
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ture procedure reported previously specifically blocks 
the dorsal nerves of the penis, whereas the area 
supplied by the perineal nerves (the other terminal 
branches of the pudendal nerves) remains unaf- 
fected. 

Both anesthetic solutions used in this study were 
suitable. However, bupivacaine should be preferred 
because it provides significantly longer relief of post- 
operative pain. As in our series, Carlsson and Swen- 
son (16) reported that most children undergoing 
circumcision after penile blocks with 0.25% bupi- 
vacaine did not require analgesics during the first 24 
hr postoperatively. The time to the first spontaneous 
micturition was not significantly influenced by the 
local anesthetic used and voiding occurred signifi- 
cantly earlier after dorsal nerve block, as is usually 
reported, than after caudal blocks (6,10). 

The depth to which the needle was inserted to 
penetrate the subpubic space varied widely and was 
not influenced by patient’s age. This is due to the 
especially large fat content of the subcutaneous pubic 
area in infants. In addition, the subcutaneous tissue 
in the pubic area is less densely packed in young 
patients than in older cnes; this may facilitate the 
displacement of the deep layer of the fascia superfi- 
cialis before it is pierced by the tip of the block needle. 
A thin, long beveled needle might penetrate the 
subpubic space at a shorter distance from the skin, 
but, as reported after caudal blocks (6), this may 
result in an increased risk of vascular penetration. 
Therefore, we believe that short bevel needles as we 
use for caudal blocks are preferable. 

In summary, injecting a small volume of local 
anesthetic, preferably plain bupivacaine, in the two 
compartments of the subpubic space uniformly re- 
sulted in block of the two dorsal nerves of the penis. 
The procedure does not require special skill and 
complications are unlikely for anatomical reasons. 
We believe that the subpubic approach to the dorsal 
nerve of the penis is easy, safe, and reliable, and that 
it can be recommended for operations of the penis 
(except at its base) in children. 


We thank Professor Ven Murthy, Laval University, Québec, Can- 
ada for considerable help in reviewing this manuscript and J. P. 
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The safety of 0.5% hyperbaric bupivacaine, as well as the 
incidence and severity of visceral pain, were evaluated in 36 
women undergoing elective cesarean section under spinal 
anesthesia who, randomly divided into two groups, received 
different dose ranges according to height, 7.5-10 mg in 
group A and 10-12.5 mg in group B. When sensory block 
to at least the fourth thoracic dermatome was established, 
surgery was begun and the occurrence and severity of 
visceral pain recorded (visual analog scale) by an observer 
unaware of patient data. The level of analgesia to pinprick 
was determined when and if there was onset of pain 
intraoperatively, and supplementary medication was ad- 
ministered as needed. Hypotension, the incidence of which 
was similar in both groups, was treated as necessary with 


A recent survey of obstetric anesthesia practices in 
the United States revealed that 34% of patients hav- 
ing a cesarean section receive spinal anesthesia (1). 
Subarachnoid injection of lidocaine, tetracaine, or, 
more recently, bupivacaine, has been demonstrated 
to be safe and effective for this purpose. However, 
despite seemingly adequate levels of sensory block 
and regardless of the local anesthetic used, many 
mothers require supplemental analgesics to relieve 
pain associated with exteriorization of the uterus and 
traction on the abdominal viscera. 
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ephedrine. No patients experienced pain until after delivery 
of the infant. Thereafter, moderate to severe pain, in 
association with peritoneal traction, occurred in 12 patients 
in group A (70.5%) but only in 6 patients in group B 
(31.6%). In patients experiencing moderate to severe pain, 
the mean time between induction of anesthesia and onset of 
pain was similar in both groups, as was the amount of 
systemic narcotic given. Total time for regression of sensory 
analgesia to L; was longer in patients in group B (243.9 
versus 195.4 min), and the incidence of complete motor 
blockade was greater in group B. Increasinz the amount of 
0.5% hyperbaric bupivacaine per spinal segment reduces 
the occurrence of moderate to severe visceral pain during 
elective cesarean section without jeopardizing mother or 
fetus. 


Key Words: ANESTHETICS, tocat—bupivacaine. 
ANESTHETIC TECHNIQUES—spinal. 
ANESTHES!IA— obstetrical. . 


In our previous study, almost all mothers (19 of 22) 
given 0.5% hyperbaric bupivacaine (7.5-10 mg) for 
spinal anesthesia in cesarean sections required nar- 
cotic supplementation because of visceral pain (2). 
Hypotension occurred in only two patients. In an- 
other study, subarachnoid injection of larger doses, 
11-15 mg, of 0.5% hyperbaric bupivacaine resulted in 
satisfactory analgesia for cesarean section, with only 
4 of 33 patients requiring intraoperative narcotics (3). 
However, the risk of hypotension has led the authors 
to recommend that spinal anesthesia be limited to 
cases where there is no evidence of placental insuffi- 
ciency. More recently, the quality of analgesia with 
the use of 12.5 mg of hyperbaric 0.5% bupivacaine 
was deemed excellent, although the incidence of 
maternal hypotension was 65% (4). The current study 
was undertaken to compare the safety of two dose 
ranges of 0.5% hyperbaric bupivacaine, as well as the 
incidence and severity of visceral pain, in patients 
having spinal anesthesia for cesarean section. 


arl 


VISCERAL PAIN DURING CESAREAN SECTION 


Methods and Materials 


Healthy mothers (American Society of Anesthesiolo- 
gists Class I or II) who chose to have spinal anesthesia 
for elective cesarean section were enrolled in the 
study, which was approved by the Institutional Re- 
view Board. Written informed consent was obtained 
at the preoperative visit. None of the patients had 
obstetric complications or evidence of fetal compro- 
mise. They received 15 mL of a sodium citrate solu- 
tion orally and the rapid intravenous infusion of 
1,500-2,000 mL of lactated Ringer’s solution, as well 
as 50 mg of ephedrine by intramuscular injection, 
within 15 min before induction of spinal anesthesia. 

Subarachnoid injection was performed in the sit- 
ting position at the L,_; or L3 4 interspace with use of 
a 25 gauge spinal needle and a 19 gauge introducer. 
Mothers were randomly assigned to receive one of 
two dose ranges of 0.5% bupivacaine hydrochloride 
in 8.25% glucose monohydrate. Patients in group A 
were given 7.5-10 mg according to height, whereas 
those in group B received 10-12.5 mg of the drug. 
Group A mothers less than 158 cm tall were given 
7.5-8.0 mg (1.5-1.6 mL), those between 160 and 170 
cm received 8.5-9.0 mg (1.7-1.8 mL), whereas those 
taller than 170 cm received 10 mg (2.0 mL). In group 
B, the corresponding bupivacaine doses were 10-10.5 
mg (2.0-2.1 mL); 11-11.5 mg (2.2-2.3 mL); and 12.5 
mg (2.5 mL) respectively. After subarachnoid injec- 
tion (over 30 sec), mothers were immediately placed 
in the supine 5-10° Trendelenburg position with left 
uterine displacement. The spread of sensory analge- 
sia to pinprick was ascertained at 2-min intervals. If at 
4 min, analgesia had not reached the eighth thoracic 
dermatome, the tilt was increased further to an 
approximately 20° head down position so as to extend 
the sensory block to the fourth thoracic segment. 
Patients in whom a T; level of pinprick anesthesia 
could not be achieved were excluded. 

Motor function was also assessed at 2-min inter- 
vals with use of the Bromage scale (5) until draping of 
the surgical field: a score of 0 indicated no paralysis; 
1, an inability to raise the extended leg; 2, inability to 
flex the knee; and 3, inability to flex the ankle joint. 

After the desired level of anesthesia was estab- 
lished, another anesthesiologist, unaware of the 
amount of drug given, observed and recorded the 
occurrence and severity of visceral pain throughout 
the entire operation, as indicated by the patient on a 
10-cm visual analog scale. A value of 3 or higher was 
considered to indicate moderate to severe pain. This 
anesthesiologist also recorded the level of analgesia 
to pinprick when and if visceral pain occurred and 
administered supplementary medication as needed. 
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Table 1. Demographic Characteristics 


Group A Group B 
N (17) (19) 
Age (yrs) 30.1 + 1.2 31.6 + 1.1 
Height (cm) 159.6 + 1.8 160.2 + 1.5 
Weight (kg) 78.2 + 3.1 78.2 + 3.1 


Unpaired Student's t-test (differences not significant). 


Maternal blood pressure measured by automated 
sphygmomanometry and heart rate by electrocardio- 
graph were recorded every minute until delivery and 
every 5 min thereafter. If hypotension defined as 
systolic blood pressure below 100 mm Hg occurred, it 
was promptly treated by increasing both uterine 
displacement and the rate of intravenous fluid ad- 
ministration. If these measures were not successful, 
ephedrine 5-10 mg was injected intravenously and 
repeated as needed. Oxygen was administered rou- 
tinely by face mask until delivery. 

Induction-to-delivery and uterine incision-to- 
delivery intervals were recorded. The infant’s Apgar 
score at 1, 2, and 5 min was assessed by an indepen- 
dent physician unaware of the mother’s group as- 
signment. At delivery, blood samples were taken 
from a doubly clamped segment of the umbilical cord 
for measurement of blood pH and gas tensions. All 
mothers received oxytocin by continuous infusion 
after delivery. 

In the immediate postoperative period, the sen- 
sory level of analgesia and the degree of motor 
blockade were assessed at 15-min intervals until 
complete recovery from anesthesia. 

Student’s t-test for unpaired data, Fisher exact 
frequency analysis, and analysis of variance were 
used where appropriate {P < 0.05 was considered 
significant). All results are reported as mean + SE. 


Results : 


Thirty-eight patients were enrolled in the study, 19 in 
each group. Two patients in group A were excluded 
because the level of sensory analgesia at the fourth 
thoracic dermatome could not be achieved due to 
poor technique. In one, general endotracheal anes- 
thesia was required, and in the other, incremental 
doses of ketamine. 

Patients were similar insofar as age, height, and 
weight were concerned (Table 1). The mean dose of 
bupivacaine was significantly greater in group B, 
10.89 + 0.16 mg compared with 8.41 + 0.16 mg in 
group A (Table 2). The dose per centimeter of height 
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Table 2. Mean + sg Doses of Hyperbaric Bupivacaine 


Group A Group B 
(17) (19) 
Dose (mg) 8.41 + 0.16 10.89 + 0.16* 
Dose/height (mg/cm) 0.053 + 0.001 0.068 + 0.001" 


*Unpaired Student's t-test {P < 0.05). 


Table 3. Maternal Heart Rate and Systolic Blood Pressure 
Before 0 and up to 60 Min after Induction of Spinal 
Anesthesia (mean + SB) 


Heart Rate Systolic Blood Pressure 
(beats/min) (mm Hg) 
Group A B A B 
Time (min) 
0 86.6 £2.9 86.2 +3.1 124.6 + 3.8 121.6 2.4 
5 Y/ Act 3.0 990 = 60 2063S 121.3 +41 
10 90.9 + 3.7 905+42 118.9+2.1 1148+ 4.1 
15 87.8 £3.1 84.3 +37 123.9426 119.8 + 3.5 
20 2 EAS C/A Ras. IIS S2 22 “LIB Es 26 
30 96.6- £29 893225 1178 £3.1. M4134 
60 86.9 23.6 85.4429 T5231 116.5229 


Analysis of Variance 
Differences not significant. 


was also greater in group B patients, 0.068 + 0.001 
mg/cm compared with 0.053 + 0.001 mg/cm in group 
A (P < 0.05). 

Although the highest level of sensory analgesia, 
T,, occurred in 8 of 17 (47%) patients in group A and 
in 5 of 19 (26%) in group B, the difference was not 
statistically significant. Within the 10-15 min of pre- 
operative testing, complete motor blockade (Bromage 
3) was reached in 89% of group B patients compared 
with 47% of group A (P < 0.05). Total time for 
regression of sensory analgesia to Ls was significantly 
longer in patients in group B than in those in group 
A, 243.9 + 8.2 compared with 195.4 + 6.7 min. In all 
patients, complete motor function had returned 
within 115 min of subarachnoid injection. 

Mean maternal heart rate and systolic blood pres- 
sure after prehydration and administration of ephed- 
rine, but before induction of spinal anesthesia, were 
86.6 + 2.9 beats/min and 124.6 + 3.8 mm Hg, respec- 
tively, in mothers in group A, and in those in group B, 
86.2 + 3.1 beats/min and 121.6 + 2.4mm Hg (Table 3). 
In general, these were well maintained, and no differ- 
ences between groups were detected at 5, 10, 15, 20, 
30, and 60 min after spinal injection. Four of 17 (24%) 
patients in group A developed transient hypotension 
soon after induction, and 3 of them required intrave- 
nous injection of ephedrine (5-10 mg) when conserv- 
ative measures had failed to restore normotension. 
Hypotension occurred in 5 of 19 (26%) mothers in 
group B also before surgery, each of the 5 requiring 
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intravenous administration of ephedrine. There were 
no significant differences between groups in the inci- 
dence of hypotension or need for ephedrine. 

The mean interval from induction of anesthesia to 
delivery was 20.8 + 1.6 min and 20.0 + 1.2 min in 
mothers in group A and B, respectively. The interval 
between uterine incision and delivery was less than 
180 seconds in all cases. 

The mean gestational age and weight of infants in 
both groups were similar. In 2zroup A, these were 
39.1 + 0.3 weeks and 3447 + 82 7 g, respectively, and 
39.2 + 0.3 weeks and 3326 + 89.4 g, respectively, for 
infants in group B. Neonatal condition was good. 
One infant in group B had a 1 min Apgar score of 5; 
no infant had an Apgar score less than 8 at 5 min. 
Umbilical arterial and venous blood samples, ob- 
tained from all infants except one in group A, showed 
blood pH and gas tensions to be similar in both 
groups (Table 4). 

No mother complained of visceral pain before 
delivery of the infant. After delivery, moderate to 
severe pain occurred in 12 (70.5%) patients in group 
A but in only 6 (31.6%) patients in group B in 
association with peritoneal traction (exteriorization of 
the uterus and closure of the peritoneum). The dif- 
ference between the two groups was statistically 
significant. The mean time between induction of 
spinal anesthesia and onset of pain was 34.4 + 4.0 
min in group A, which was similar to that observed in 
group B patients, 41.0 + 4.8 min, at which time the 
sensory level of analgesia was T, or higher in all 
except one patient in group A. The mean duration of 
surgery was also similar in both groups; 66.5 + 6.2 
min in group A and 67.9 + 4.6 min in group B. All 
patients reporting moderate to severe pain received 
supplementary intravenous medication. The amount 
of systemic analgesia given in morphine equivalents 
(1 mg morphine = 10 mg meperidine), was similar, 
namely 7.96 + 1.2 mg in group A end 7.92 + 1.1 mg 
in group B. One patient in grou? B received ketamine 
10 mg; diazepam 5 mg was given <o two patients in 
group A. Droperidol 1.25 mg was g-ven to 11 patients 
in group A and 13 in group B. It was administered 
after delivery either prophylactically along with nar- 
cotic pain medication (five patients in group A, seven 
in group B), or for treatment of nausea that occurred 
in association with moderate to severe pain (two in 
group A, three in group B), or as the only symptom 
(four in group A, three in group B). 


Discussion 


Our data indicate that subarachnoid injection of 0.5% — 
hyperbaric bupivacaine is safe and effective in estab- 
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Table 4. Blood pH and Gas Tensions in Umbilical Artery and Vein (mean £ SE) 


pH 
UV UA 
Group A (N = 16) 7.31 + 0.01 7.22 + 0.01 
Group B (N = 19) 7.33 + 0.01 7.24 + 0.01 


Unpaired Student’s t-test (differences not significant). 


lishing anesthesia for cesarean section. The group of 
patients given approximately 25% higher dose of 
drug per centimeter of height had a reduced occur- 
rence of moderate to severe visceral pain without 
compromise of maternal and fetal well being. Admin- 
istration of a higher dose of drug, however, did lead 
to a slower regression of sensory analgesia and a 
greater incidence of complete motor blockade of the 
lower extremities (Bromage 3). Other studies (2,4,6) 
also indicate that with the use of 0.5% hyperbaric 
bupivacaine for spinal anesthesia, increasing the dose 
increases the duration of sensory and the profundity 
of motor blockade. There was no significant differ- 
ence in the frequency of sensory analgesia extending 
to T} between groups. This lack of difference may be 
explained by the recent observation that the spread of 
a hyperbaric local anesthetic solution after subarach- 
noid injection does not correlate with the mother’s 
height, weight, or body mass index (7). 

Transient hypotension, soon after induction of 
anesthesia, occurred with similar frequency in both 
groups and was readily corrected with additional 
hydration and, in most cases, with the administration 
of a small intravenous dose of ephedrine. The inci- 
dence of hypotension in our patients given 7.510 mg 
bupivacaine (24%) was greater tnan the 9% previ- 
ously reported by us (2). The latter study included a 
significant number of patients in labor. The tendency 
for hypotension to develop after regional anesthesia 
is less in laboring mothers undergoing cesarean sec- 
tion than it is in those having elective sections (8). 

Neonatal condition assessed by Apgar score and 
umbilical blood pH and gas tensions was good in 
both groups. One infant in group B had an Apgar 
score of 5 at 1 min. However, the score at 2 min was 
9, and the umbilical cord blood pH and gas tensions 
were normal, namely pH 7.28, PCO, 45 mm Hg and 
PO, 49 mm Hg in the umbilical vein, and pH 7.22, 


PCO, 69 mm Hg and PO, 18 mm Hg in the umbilical ` 


artery. 

It is generally accepted that sensory analgesia to at 
least the fourth thoracic dermatome is necessary for 
cesarean section. However, even with this extent of 
block a substantial proportion of patients require 
supplementary analgesia during exteriorization of the 
uterus and traction on the abdominal viscera (9). All 
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` PCO, (mm Hg) PO, (mm Hg) 
UV UA UV UA 
37.9 + 1.2 50.5 + 2.3 JZ ELS 17.3 + 1.3 
35.1 + 1.2 43.9 + 2.8 32.6 + 1.6 14.9 + 0.8 


patients retained in this study had a similar spread of 
sensory block to above the T, level, yet the use of 
higher doses of bupivacaine resulted in a lesser 
frequency of moderate tc severe visceral pain. Vis- 
ceral pain, like tourniquet pain, is believed to be 
transmitted by unmyelinated C fibers. It has recently 
been postulated that with declining concentrations of 
local anesthetic in the cerebrospinal fluid, these fibers 
may become unblocked, although the conduction in 
A-delta fibers transmitting incisional pain has not 
been restored (10). Because in our patients occurrence 
of pain could not be a%tributed to regression of 
sensory analgesia, it appears that an increase in the 
amount of drug per spinal segment improves the 
overall quality of blockade. 
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Sixteen critically ill patients whose tracheas were intubated 
through the nasal route were examined for paranasal sinust- 
tis between the 2nd and 3rd day and again on the 8th day 
after intubation. Between the 2nd and 3rd days, 6 of the 16 
patients developed either maxillary sinusitis alone (3 of 
them) or sphenoid sinusitis (in the other 3). By the 8th day, 
all patients had developed sinusitis involving at least one 


Early tracheostomy for airway management in criti- 
cally ill patients has been superseded by prolonged 
tracheal intubation. The nasal route for prolonged 
intubation of the trachea is generally preferable to the 
oral route as the tube is better tolerated by the patient 
and allows easier access for the toilet of the oral 
cavity. However, as prolonged intubation of the 
trachea becomes more widely used, more complica- 
tions associated with it are becoming recognized. 
This prospective study investigates the incidence and 
the time of onset of paranasal sinusitis during pro- 
longed nasotracheal intubation as determined by 
means of computerized scanning techniques. 


Methods 


Sixteen patients admitted to the intensive care unit 
(ICU) requiring ventilation of the trachea and me- 
chanical support of ventilation were studied. The 
study was approved by the local ethical committee. 
Reasons for admission to the ICU included postoper- 
ative respiratory failure (5), coma due to poisoning 
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sinus. The most commonly affected sinuses were the max- 
illary (87%) and the sphenoid (87%) followed by the 
ethmoid (50%) and frontal (12.5%). On the day 8 after 
intubation, the nasotracheal tubes were removed and re- 
placed by orotracheal tubes, or trachzostamies were per- 
formed. On day 8 after extubation, 19 of the 16 patients 
were reexamined. Computer tomograpaic (CT) scan at this 
time revealed persistent sinusitis in -wo. Long-term na- 
sotracheal intubation is associated with sinusitis. 


Key Words: INTUBATION, TRACHEAL—nasal. 
INFECTION—sinusitis. COMPLICATIONS— 
sinusitis. 


with sedatives and narcotics (3), respiratory failure 
due to near drowning (2), Guillain-Barré syndrome 
(2), and one each for exacerbation of preexisting 
chronic respiratory failure and for tetanus. Two of the 
16 patients were admitted because of trauma (but 
without head injury or fractures of the facial bones). 
Ages varied between 21 and 7E years with a mean + 
sp of 46 + 16.5 years. In all cas2s, emergency intuba- 
tion was performed through the oral route; nasogas- 
tric tubes were inserted through the oral route as 
well. 

Patients were mechanically ventilated with an 
Engström Erica ventilator. VO, and VCO, were con- 
tinuously measured by means of an Engström Meta- 
bolic Computer and an infrared carbon dioxide ana- 
lyzer (Engström-Eliza), as described in previous 
studies (1,2). Criteria to enter the study included 
absence of preexisting sinusitis and evidence of sep- 
sis (for example, hyperpyrexia, high VO, and VCO,) 
and negative nitrogen balance. All patients under- 
went examination (computer tomographic [CT] scan) 
of the paranasal sinuses to exclude preexisting sinusi- 
tis, after which the oral tubes were replaced by nasal 
tubes. All nasotracheal tubes were size 7.5 or 8 mm 
internal diameter, ethylene oxide sterilized, soft cuff 
polyethylene tubes. CT scan was repeated in each 
patient between the 2nd and 3rd and on the 8th day 
after intubation. On day 8, the nasal tube was re- 
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NASOTRACHEAL INTUBATION AND PARANASAL SINUSITIS 


Table 1. Sinusitis Development in the 16 Patients with 
Nasal Intubation of the Trachea and Course of Resolution 
in 10 of the 16 Patients 


Days 2-3 8 Days after 
Type of Before after Dav 8 after Removal of 
Sinusitis Intubation Intubation Intubation the Tube 


Maxillary 0/16 (0%) 
Sphenoid 0/16 (0%) 
Frontal 0/16 (0%) 
Ethmoid 0/16 (0%) 


3/16 (19%) 14/16 (87%) 
3/16 (19%) 14/16 (87%) 
0/16 (0%) 2/16 (12.3%) 
0/16 (0%) 8/16 (50%) 


1/10 (10%) 
1/10 (10%) 
1/10 (10%) 
0/10 (0%) 


moved and either replaced by an oral tube, or a 
tracheostomy was performed. 

Soon after day 8, and when paranasal sinusitis was 
diagnosed, three patients died and three were extu- 
bated and discharged from the unit. In the remaining 
10 patients, the course of paranasal sinusitis was 
examined with CT scan 8 days after the removal of 
the nasotracheal tube. The CT scans were assessed 
for thickening of the mucosa, air-fluid levels, and 
opacification. The term sinusitis does not necessarily 
imply infection (3). No bacteriological specimens were 
obtained as ear, nose, and throat surgeons and the 
ethical committee objected to antral puncture in these 
patients for study purposes. To obtain specimens from 
other sinuses such as the sphenoid sinus was out of 
the question. 

At the time of the study, all patients were being 
treated with antibiotics. Patients on admission who 
were comatose due to overdosage or near drowning 
and who had inhaled gastric contents were given 
cephalosporin type antibiotics. The surgical or 
trauma cases had an aminoglycoside combined with 
an antianaerobic agent. 


Results 


Between days 2 and 3 after intubation, 3 of the 16 
patients developed maxillary sinusitis and 3 devel- 
oped sphenoid sinusitis. By day 8, when the CT scan 
was repeated, all 14 of the 16 patients had developed 
sinusitis involving more than one sinus and 2 had 
sinusitis of the sphenoid sinus alone (Table 1). Fluid 
accumulation was diagnosed with CT scan in all 
cases. Sinusitis, though involving different and more 
than one sinuses, was unilateral in all instances and 
on the same side as the tracheal tube. 

CT scan on day 8 revealed sphenoid sinusitis in 14 
(87%) and maxillary sinusitis in 14 (87%) of the 16 
patients studied. At the same time, the ethmoid sinus 
was involved in eight patients (50%), whereas two 
patients (12.5%) had frontal sinusitis. As far as the 
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radiographic findings are concerned, an air-fluid level 
was detected in all but two of the affected sinuses and 
in these two, opacification was observed. Clearing of 
the sinuses by CT scan was seen in 8 of the 10 
patients available for CT scan 8 days after removal of 
the nasotracheal tube, who in the meantime had had 
a tracheostomy performed or an orotracheal tube 
inserted. In two patients, resolution of the sinusitis, 
though started, was not complete. In one patient, 
air-fluid levels in the maxillary and frontal sinuses 
were detected, whereas the second patient still had 
sphenoid sinusitis. 


Discussion 


In the 16 patients we studied, the nasotracheal tube 
blocked sinus drainage through the nasal ostia, re- 
sulting in unilateral sinusitis involving different si- 
nuses, in all instances on the same side of the 
endotracheal tube. Sinusitis was documented on CT 
scan with no signs of mucopurulent drainage around 
the nasotracheal tube or evidence of sepsis. Head- 
ache, facial pain, paresthesia of the opthalmic or 
maxillary dermatomes of the fifth nerve, or purulent 
nasal discharge was not or could not be observed in 
these intubated patients. 

Deutschman et al. (4) reported 27 cases of parana- 
sal sinusitis as a consequence of nasotracheal intuba- 
tion in a surgical and trauma unit over a 2-year 
period. These investigators proceeded to radiological 
examination only after clinical evidence of sinusitis 
developed, such as mucopurulent drainage around 
the tube or sepsis of unrecognized source. 

Our study demonstrates that a nasotracheal tube 
left in place for as long as 8 days results in fluid 
accumulation in one, but usually more than one, 
sinus. As no bacteriological specimens were ob- 
tained, the sinusitis diagnosed by CT scan is not 
necessarily associated with bacterial infection. How- 
ever, nasotracheal intubation and air-fluid levels in 
the sinuses predispose head injured patients to bac- 
terial sinusitis and meningitis (5). 

The time needed to detect sinusitis in all our 
patients was longer than 2 or 3 days. The time of 
onset of symptomatic sinusitis associated with na- 
sotracheal intubation has been said to differ with 
emergency and elective intubation (4). Our policy is 
to intubate the trachea through the nasal route elec- 
tively, whereas in the emergency situation, we use 
the oral route. We consider the latter safer because 
the oral route is less time consuming and the danger 
of nasal bleeding is avoided. The diagnostic accuracy 
of sinusitis with standard film radiography is low (6). 
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In a previous study (7), conventional lateral and 
submental lateral views failed to demonstrate sphe- 
noid sinus infection in several patients. On the con- 
trary, computerized axial tomography is a reliable 
radiographic examination for diagnosis of sphenoid 
sinusitis (8). A number of case reports of paranasal 
sinusitis due to nasotracheal intubation are based on 
x-ray films and not on CT scan (9-11). This finding 
may explain why maxillary but not sphenoid sinusitis 
was detected in these cases. 

It has been reported (4) that the clinical symptoms 
of paranasal sinusitis associated with nasotracheal 
tubes disappear within 48 hrs after removal of the 
nasotracheal tube. Nevertheless, in two of our pa- 
tients, sinusitis was diagnosed by CT scan 8 days 
after the removal of the tube. As infection and sepsis 
in the critically ill patient are multifactorial, a coexist- 
ing source of infection may escape the attention or 
even the diagnosis of the intensivist. 

In a study (12) investigating the.incidence of si- 
nusitis associated with nasotracheal intubation, nei- 
ther the incidence of individual sinus involvement 
nor the course of resolution of sinusitis was consid- 
ered. Of the 12 patients in that study, 6 had cranial 
trauma. However, penetrating craniocerebral injury 
and bleeding into sinuses render the CT scan positive 
for sinusitis. This correlation probably explains the 
finding that 100% of patients in that study had CT 
scan evidence of sinusitis 1 or 2 days after nasotra- 
cheal intubation. The association of nasotracheal in- 
tubation and sinusitis needs to be studied in patients 
without head injury. 

In conclusion, prolonged nasotracheal intubation 
is associated with fluid accumulation involving one or 
more paranasal sinuses. Such fluid accumulation may 
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well be an indicator of impending or potential para- 
nasal sinusitis. 
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The present investigation was designed to study the interac- 
tion of temperature, lidocaine, and ischemia during intrave- 
nous regional anesthesia (IVRA) of the arm. Five volunteers 
were studied during exposure of one of their arms to four 
different experimental conditions: hypothermia and ischemia; 
hypothermia, ischemia, and lidocaine; normothermia and 
ischemia; normothermia, ischemia, and lidocaine. Each sub- 
ject was tested on four different occasions with only one test 
condition imposed per occasion and with 3 or more days 
between experiments. Somatosensory evoked responses 
(SERs) and muscle responses to ulnar nerve stimulation 
were measured, and sensory testing was done to determine 
whether the neural effects of the particular treatments dif- 
fered. Anesthesia developed sooner and was more extensive 
when local anesthetic was injected. A 5-10°C decrease in 
tissue temperature did not accentuate the anesthetic effects of 
lidocaine as determined by time to loss of pinprick and touch 
sensation. With ischemia alone, anesthesia of the finger tips 


The conduction blocking effect of local anesthetics on 
isolated nerves is potentiated by cold temperature. 
For instance, Franz and Perry (1) found that cooling 
by 5-10°C increases the nerve-blocking effect of pro- 
caine. We demonstrated that cold temperature poten- 
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with preservation of sensation on the arm was observed in all 
subjects 20 min after tourniquet injlation. Anesthesia at all 
cutaneous test sites was achieved in 7 of 10 lidocaine 
experiments; no systematic order of sensory loss, such as 
progression from distal to proximal sites, was observed. 
Decrease in limb temperature slowed the development of 
lidocaine effects on evoked responses and recovery from the 
effect. Under conditions of ischemia, deterioration of sensa- 
tion generally began earlier under cold rather than warm 
conditions. Primary differences between changes in the SERs 
and muscle responses under condition of ischemia versus 
ischemia and lidocaine were the rate and magnitude of change 
of potential latency and amplitude. Venous lidocaine plasma 
levels were similar after tourniquet release with normother- 
mia and hypothermia, Based on in vitro experiments, the 
expectation that cooling the arm would decrease time to onset 
of anesthesia and enhance the intensity and extent of the block 
was not met. 


Key Words: NERVE—evoked potentials. 
TEMPERATURE—hypothermia. ANESTHETIC 
TECHNIQUES, INTRAVENOUS REGIONAL—Bier block. 
ANESTHETICS, tocat—lidocaine. 


tiates the effect of lidocaine on isolated nerves (2). 
Depending on the type of nerve fiber and animal 
species, conduction in mammalian peripheral nerves 
is completely blocked at temperatures below 20°C 
(usually around 10°C) (3,4). 

Therefore, cooling of the extremity might reduce 
the time to onset of anesthesia and enhance the 
quality of analgesia provided by intravenous regional 
anesthesia (IVRA, Bier block). The present investiga- 
tion was designed to study the interaction of temper- 
ature, lidocaine, and ischemia during IVRA of the 
arm. 


Methods 


Five healthy male anesthesiologists, 33-42 years of 
age, participated in the study. Informed consent was 
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obtained before the experiments. Each subject was 
given four treatments in random fashion, each of 
which was separated by no less than a 3-day interval: 
exsanguination of nondominant (always left) arm and 
application of tourniquet during normothermia and 
hypothermia without and with intravenous lidocaine 
administration. 

The arm was exsanguinated by elevating it and 
compressing the brachial artery for 2 min. A 8.5-cm 
wide tourniquet around the upper arm was then 
inflated to 275-300 mm Hg for 22-23 min. In the 
lidocaine experiments, 3 mg/kg of normal body 
weight (0.6 mL/kg) of a 0.5% solution was injected at 
a rate of 20 mL/min into a vein on the dorsum of the 
hand immediately after tcurniquet inflation. Seven 
venous blood samples were drawn for lidocaine assay 
(5) through a cannula in a cubital vein of the right 
arm: before lidocaine administration, immediately 
before cuff deflation, and 2, 5, 10, 20, and 30 min after 
cuff deflation. 

Arterial blood pressure was measured with use of 
an oscillotonometer every 5 min during the experi- 
ments. During the lidocaine experiments, electrocar- 
diograph (ECG) was also monitored. No changes in 
blood pressure or heart rate exceeding 30% of base- 
line levels were observed during the experiments. 

Skin temperature of the left arm was adjusted to 
33°C or 22°C with cold/hot packs (Riker 3M) cooled to 
—2-5°C or warmed to 9C°C. A towel was placed 
between the skin and the 90°C pack to prevent 
burning. The warming or cooling was started 10- 
15 min before tourniquet inflation and continued 
throughout the experiment. During experiments with 
hypothermia, the arm was rewarmed to 33°C starting 
30 min after tourniquet deflation. Skin temperature 
was measured with a digital thermometer at the volar 
surface of the third finger tip, at the wrist, and at the 
forearm just distal to the elbow. Two of the subjects 
participated in separate experiments in which deep 
muscular temperatures (“moving muscle” thermo- 
probe) were monitored under similar conditions. Ina 
normothermic arm, tissue temperatures at the depth 
of 2-3 cm remained ‘stable and close to skin temper- 
ature (33°C). Cooling decreased the temperature to 
31.5°C before tourniquet inflation and to 26.5°C dur- 
ing the 20-min ischemia. We also estimated temper- 
ature of the nerve using the following assumptions: 
linear decrease of temperature during the ischemic 
phase, decrease in nerve conduction velocity at a rate 
of 2.0 m/sec/C° (6) [for example, 70 m/sec (initial 
conduction velocity) — 50 m/sec (conduction velocity 
after cooling) = 10/2 = 5°C temperature change; 
initial temperature = 33°C — 5C = 28°C (final tem- 
perature)]. 
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Figure 1. The hand figure shows the test sites: 1 and 4 = ulnar; 2 
and 3 = median innervation areas at the palmar side of the hand; 
5 = radial innervation area on the dorsum of the hand; 6 = 
musculocutaneous innervation area on the arm; and 7 = site of 
electrical stimulation of the median nerve sensory branches. 


Sensory Measurements 


Sensitivity to pinprick and blunt touch (tip and hub, 
respectively, of a 21-gauge needle) was measured at 
six locations shown in Figure 1. Sensations evoked by 
electric stimulation at the palm, used in the neuro- 
physiological measurements, were also documented. 


Neurophysiological Measurements 


Responses to electrical stimulation of the sensory 
branches of the median nerv2 at the palm were 
recorded on four channels with a Sensor recorder 
(Medelec). The stimulation (3 Hz) was given through 
two stainless steel wire electrodes inserted subder- 
mally along the course of the I and II] common 
palmar digital nerves. The strength of the 0.3-ms 
stimulus was adjusted to produce painless sensation 
radiating into the second, third, and fourth finger 
(6-12 mA). In one experiment, the stimulus also 
radiated to the fourth and fiftn finger. Compound 
action potentials 1) of the median nerve were re- 
corded with two surface plate electrodes 2-3 cm apart 
about 19 cm distally to the cuff; 2) of the brachial 
plexus responses were recorded with two surface 
electrodes, one at Erb’s point end the other 4-5 cm 
proximally; 3) of the medulla end lower brain stem 
were recorded with two surface electrodes, one over 
the seventh cervical spinal process and the other at 
Fpz'; and 4) of early cortical responses were recorded 
with needle electrodes at C4’? (2 cm posterior to C4’) 


+ 
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and Fz’, A total of 128 responses were averaged with 
use of a 50-msec analysis time and 1 Hz-3 kHz band- 
pass for all channels. Automatic artifact rejection (at 
amplitude levels exceeding 5-10 times the signal) was 
used in all measurements; the number of stimulations 
for a single average varied from 140 to 200. Outputs 
were immediately printed. The signals from Sensor’s 
analog output unit were stored on tape with a Racal 
8-channel FM-recorder for off-line analysis of late 
somatosensory responses from C4’'-Fz. These analy- 
ses were made by averaging 120-180 responses by 
computer (Micro PDP Digital Equipment Co.) with 
use of a 200-msec analysis period and 1.3-kHz sam- 
pling rate. 

Hypothenar muscle responses to transcutaneous 
ulnar nerve stimulation (0.2-msec supramaximal rec- 
tangular pulses) at the elbow were recorded with two 
surface plate electrodes or two subcutaneous wire 
electrodes with Medelec’s electramyography (EMG) 
equipment. Signals obtained from the electrodes over 
the hypothenar muscle of three subjects during slight 
isometric adduction of the fifth finger were recorded 
(bandpass 8-800 Hz) intermittently on tape in seven 
experiments. Subsequently, power spectra of 10 con- 
secutive 1-sec samples were analyzed off-line with 
the Micro PDP Computer. 

Sensory measurements and evoked responses 
were recorded before tourniquet inflation, 2.5, 5, 7.5, 
10, 15, and 20 min after tourniquet inflation, and 2.5, 
5, 7.5, 10, 20, 30, 45, and 60 min after deflation. 

Data comparisons were made by multivariant anal- 
ysis (ANOVA) and the two-tailed t-test for paired 
data. Evoke response latencies, amplitudes, and du- 
rations were normalized to facilitate comparison of 
results obtained under different experimental condi- 
tions (100% is the normalized control value in each 
experiment). 


Results 


There were no differences between the anesthetic 
effects under warm and under cold conditions. An- 
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Figure 2. Median nerve conduction velocities during tourniquet 
inflation (0-20 min) and after deflation (2.5-20 min) under normo- 
thermic (open symbols) and hypothermic (closed symbols} condi- 
tions for all five subjects. The graph on the right shows the 
estimated range of nerve temperatures in the hypothermia studies. 


esthesia developed sooner and was more extensive 
when local anesthetic was injected. 

Measures of deep muscle temperature and esti- 
mates of nerve temperature indicate that temperature 
within the arm under conditions of hypothermia fell 
to about 24-26°C. Figure 2 shows median nerve 
sensory conduction velocities between the palm and 
cubita during normothermia and hypothermia and 
the range of neural temperatures estimated from 
conduction velocity changes as described in Meth- 
ods. Lowest estimated temperatures were about 24°C 
20 min after tourniquet inflation. After tourniquet 
release, tissue temperatures remained low. Rewarm- 
ing for 20-30 min did not return conduction velocities 
quite back to baseline values. 


Lidocaine Effects 


Anesthesia at all cutaneous test sites was achieved in 
7 of 10 lidocaine experiments; some sensation was 
preserved in three cases in the distribution of the 
musculocutaneous nerve. Pinprick and touch sensa- 
tion was lost 2.5-15 min after lidocaine injection. The 
pattern and time course of sensory changes were 
similar during warm and cold conditions. In 31 out of 
58 test sites, pinprick sensation was lost before blunt 
touch; both were lost simultaneously in the other 
sites. At the sites that became anesthetic, the fastest 
onset was in the areas innervated by the musculocu- 
taneous and radial nerves. No systematic order of 
sensory loss, such as progression from distal to 
proximal sites, was observed. Cutaneous sensation 
recovered within 2.5 min after tourniquet deflation at 
17 of 30 test sites; recovery times of 10-30 min were 
observed only at four test sites. In 8 of 10 lidocaine 
experiments, the electrical stimuli at the palm were 
not perceived at 20 min. 
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Figure 3. Median nerve compound action potentials and cortical 
responses to electrical stimulation of the palmar branches of the 
median nerve in one subject under normothermic conditions with 
and without lidocaine. S = stimulus artifact. N2O = first cortical 
amplitude. Potentials are arranged in order obtained with control 
at top and recovery at bottom. 
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Ischemic Effects 


The effects of ischemia alone on pinprick and touch 
sensation appeared within 15-20 min. At 20 min, 
anesthesia of the fingertips with preservation of sen- 
sation on the arm was observed in all subjects. 
Deterioration of sensation (loss of pinprick sensation) 
generally began earlier under cold than under warm 
conditions and was not always corrected by restora- 
tion of circulation. It is possible that cooling of recep- 
tive skin areas under the cold packs caused this 
deterioration. Out of 42 test sites where some sensory 
loss occurred, pinprick sensation disappeared first in 
20 and blunt touch in 5. Anesthesia to electrical 
stimulation of the median nerve at the palm devel- 
oped in only two experiments. The quality of stimu- 
lus perception, however, changed considerably. Dis- 
tal extent of radiating sensation diminished; the 
stimulus was felt as local and burning or painful. 


Sensory Responses Evoked by Median 
Nerve Stimulations 


Median nerve stimulations. Figure 3 shows simulta- 
neous recordings of median nerve compound action 
potentials distal to the tourniquet and cortical evoked 
responses during normothermia in one subject. Com- 
pound action potential latencies increased, amplitudes 
decreased, and durations increased more rapidly after 
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lidocaine injection than during ischemia alone. In both 
instances (ischemia alone anc ischemia plus 
lidocaine), amplitude of the first cortical response, 
N20, was markedly decreased when the compound 
action potential was near the detection threshold at 15 
min. After disappearance of the median nerve poten- 
tial at 20 min, a 50-150 msec cortical response was still 
detected in both experiments. After 20 min of ische- 
mia, the subject still perceived the e_ectric stimulation, 
whereas in the lidocaine experimen, the stimulus site 
was anesthetic. During ischemia, cortical responses 
after the N2O potential increased as N2O decreased, 
whereas after lidocaine all cortical responses decreased 
simultaneously. Similar changes were observed in one 
other subject; in three subjec:s with responses of 
smaller amplitudes and more ccmplex patterns, there 
were no clear differences between the pattern of re- 
sponse changes in the two situations. 

Figure 4 summarizes the changes in responses 
distal to the tourniquet after median and ulnar nerve 
stimulation during the four different conditions. 
Characteristics of baseline (33°C) median nerve re- 
sponses recorded at the elbow after stimulation at the 
palm are shown in Table 1. 

Significant (P < 0.02) increases in latency were 
present within 7.5 min during normothermic isch- 
emia; lidocaine effects were clear az 5 min (P < 0.01; 
Figure 4A). Recovery of latencies was significantly 
slower after lidocaine treatment than without it. 
Ischemic effects disappeared in 7.5 nin, but lidocaine 
effects were still present at 20 (P < 0.01) as well as at 
60 min (P < 0.001). 

Median nerve sensory potential amplitudes (Fig- 
ure 4B) decreased and durations (Figure 4C) in- 
creased significantly after 7.5 min of normothermic 
ischemia (P < 0.001) and 2.& m:n after lidocaine 
injection (P < 0.001). At 15 arid 20 min, responses 
could be recorded in 1 of 10 attempts after lidocaine 
injection under normothermic conditions and in 6 of 
10 recordings under hypothermic conditions. The 
recovery of potential amplitudes after ischemia took 
place within 10 min. In lidocaine experiments, ampli- 
tudes failed to recover in 20 min or even within 60 
min after tourniquet release. 

The amplitudes were smaller and durations longer 
15-20 min after tourniquet release in the lidocaine/ 
hypothermia experiments as compared with lido- 
caine/normothermia experiments. The differences 
could not be accounted for by hypothermia alone. 


Motor Responses on Ulnar Nerve Stimulation 


Latencies of hypothenar musc_e responses to ulnar 
nerve stimulation at the elbow were between 6.2 and 
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Table 1. Median Nerve Response Characteristics (33°C)* 


Latencyt Amplitudet Duration§ 
4.0-6.1 ms 1.7-50 uV 1.4-3.0 ms 
(5.3 + 0.7) (12 + 10.6) (1.8 + 0.6) 


*Range (mean + sD); 

tTo the beginning of the negative potential; 

From beginning of the negative potential to the peak; 
§Of the negative peak. 


10.6 ms (X = 7.4 + 1.0 ms). They were prolonged in 
four subjects at 15 min and in all five subjects at 20 
min after tourniquet inflation. The averaged, normal- 
ized latencies are shown in Figure 4D. There is no 
apparent difference between the effects of lidocaine 
during normothermic and hypothermic ischemia. Re- 
covery of distal latencies from ischemic effects oc- 
curred within 5 min. Lidocaine effects were still 
present 20 min after cuff deflation in all subjects (P < 
0.03). Amplitudes of motor responses decreased only 
occasionally during ischemic conditions: in 3 of 10 
experiments to 42%-77% of the baseline values. After 
lidocaine injections, amplitudes decreased to 13%- 
70% of baseline levels in eight recordings; no change 
occurred in two recordings. Durations of motor re- 
sponses were significantly prolonged (two- to three- 
fold) only under cold conditions. Power spectrums of 
hypothenar EMGs showed corresponding changes: 
under cold conditions the main spectral energy 
moved from control values at 50-150 Hz to 20-60 Hz; 
no clear changes were observed under normothermic 
conditions. In lidocaine experiments, the neural fail- 
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Figure 4. Average changes (percent of control + SEM) in com- 
pound action potential (sensory) responses of the median nerve 
(A-C) and motor responses of the ulnar nerve (D) under the four 
different conditions. Circles = ischemia; triangles = ischemia with 
lidocaine; open symbols = warm; closed symbols = cold. 
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Figure 5. Mean (+ SD) lidocaine plasma levels after tourniquet 
release. 


ure appeared to precede changes in action potential 
propagation along the muscle membranes: the power 
spectrum of EMG showed no changes 4-5 min before 
cessation of voluntary movements 20 min after 
lidocaine injection (four recordings). After cessation 
of voluntary hypothenar movements, small hypothe- 
nar responses to ulnar nerve stimulation at the elbow 
were still obtained. 


Relationships between Sersation and 
Neural Responses 


Anesthesia to median nerve stimulation at the palm 
never developed before disappearance of the median 
nerve potential at the elbow. In 14 experiments, 
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where anesthesia developed or the potential disap- 
peared, the events occurred simultaneously four 
times, and in 10 cases the potential disappeared first. 
These changes were not temperature dependent. 
Anesthesia to mechanical stimulation at the fingertip 
developed before disappearance of median nerve 
potentials in 10 experiments. Plexus potentials disap- 
peared after small changes in median nerve poten- 
tials. Cervical evoked potentials peaking at 16-17 ms 
disappeared next, followed by the early cortical re- 
sponses and then the 50-150-ms cortical responses. 
The 50-150-ms cortical responses disappeared later 
than median nerve potentials (in 10 out of 12 cases): 
six times simultaneously with the development of 
anesthesia to the stimulation, two times earlier and 
four times later. 


Lidocaine Plasma Levels and Brain Symptoms 


Lidocaine was present in blood samples taken just 
before tourniquet release in one subject in both 
experiments (warm 0.04 wg/mL; cold 0.1 uwg/mL) and 
in another subject in the warm experiment (0.1 ug/ 
mL). Peak individual plasma levels of between 1.68 
and 4.16 wg/mL occurred 2 or 5 min after tourniquet 
release. There was no statistically significant differ- 
ence in lidocaine concentrations between warm and 
hypothermic experiments. 

During warm conditions, four subjects had some 
symptoms (for example, tinnitus, light-headedness, 
sleepiness) after cuff deflation, as did three subjects 
during hypothermia. Symptoms appeared within 1 
min and disappeared by 7 min. There was no rela- 
tionship between symptoms and plasma levels of 
lidocaine. For example, one subject reported symp- 
toms at 0.97 we/mL but no: at 3.25 wg/mL. 


Discussion 


Effect of Temperature on Neural Responses 
by Lidocaine 


A 5-10°C decrease in the nerve temperature did not 
accentuate the anesthetic effects of lidocaine during 
IVRA. Therefore, based on in vitro experiments (2), 
the expectation that cooling the arm would decrease 
time to anesthesia onset and improve the quality of 
block was not met. These results are consistent with 
a recent report that the temperature of the solution 
used for IVRA does not affect the rate of development 
or the quality of block (7). In our study, the neuro- 
physiological data from the median nerve suggests 
that hypothermia slows both the development and 
recovery of lidocaine effects to some extent. 
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The main reason for a slower development of a 
lidocaine block under hypothermia may be reduced 
neural membrane penetration by the local anesthetic 
caused by an increase in the fraction of the ionized 
form of the local anesthetic molecule. Hypothermia 
increases the pKa of lidocaine, that is, more of it 
becomes ionized (8). On the other hand, the delayed 
block and recovery may also have been caused by a 
direct vasconstriction effect on the venous network of 
the arm, which would have restricted distribution 
and washout of the local anesthetic. However, we 
could not observe any significant differences in the 
washout of lidocaine as judged by the measurement 
of venous plasma concentrations of lidocaine. Central 
nervous system symptoms after tourniquet cuff re- 
lease occurred during lidocaine experiments both in 
warm and hypothermic arms. 


Relationship of the Neural Responses by Ischemia 
and Lidocaine to the Mode of Action of IVRA 


Changes that occurred in neural responses proximal 
to the cuff after ischemia alone or ischemia plus 
lidocaine were similar to those normally observed 
with decreasing stimulus intensities. The results 
agree with the measurements dur-ng IVRA by Ya- 
mada et al. (9) and during tourniquet induced isch- 
emia by Hari et al. (10). 

Plexus potentials were lost after small changes in 
median nerve compound action potentials. The first 
cortical response, N2O, disappeared almost simulta- 
neously with the peripheral potentials, whereas the 
later cortical responses disappeared later in quite 
close relationship with the loss of stimulus percep- 
tion. This occurrence suggests that surgical anesthe- 
sia during IVRA will not be present until inhibition of 
these later cortical responses. The results demonstrate 
that neither N2O nor later cortical responses are very 
sensitive to the number or synchrony of peripheral 
action potentials. Similar observations have been 
made in patients with diabetic neuropathy (11). 

Median nerve compound action potentials we re- 
corded originate in the thickest myelinated fibers. In 
the lidocaine experiments, the potential always dis- 
appeared in close temporal relationship with the 
disapperance of stimulus sensation. Both ischemia 
alone and ischemia plus lidocaine abolished the radi- 
ating sensation usually elicited by electrical stimula- 
tion of sensory nerves in the palm When this took 
place during ischemia alone, four subjects reported 
that the stimulus became burning and painful. There 
are no such complaints in lidocaine experiments. 
Therefore, C-fibers may fail before A-fibers in the 
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presence of lidocaine, as suggested by Shanks et al. 
(12). 

Lidocaine effects on the hypothenar muscle re- 
sponses to ulnar nerve stimulation were variable but 
less pronounced than the effects on the median nerve 
sensory potential. For instance, the median nerve 
compound action potential was lost in all lidocaine 
experiments, whereas the motor response to ulnar 
nerve stimulation was usually retained. There are 
several possible explanations for this difference. First, 
it is possible to detect a single motor unit potential, 
but transcutaneous detection of single neural action 
potentials is impossible. Second, muscular responses 
reflect function of nerve fibers with wider range of 
conduction velocities than do the sensory compound 
action potentials. Third, because of different spatial 
relationships between the signal source and record- 
ing electrodes, the amplitude of motor response is 
not correlated to the number of firing nerve fibers in 
the same way as is the compound action potential. 
Fourth, the differences between the median and 
ulnar nerve may be explained by uneven distribution 
of lidocaine. 

Lidocaine depressed muscular responses under 
normothermic conditions without preceding changes 
in response duration or EMG power spectrum. This 
observation is in agreement with the view that loss of 
muscle function is caused primarily by motor neuron 
blockade (12,13). In some lidocaine experiments, vol- 
untary movements of hypothenar musculature were 
not possible although a muscular response was ob- 
tained when the ulnar nerve was stimulated near the 
tourniquet cuff. This result may indicate a conduction 
block under the cuff. It is also possible that during 
IVRA there is a failure of sensory feedback, and 
collision of descending motor signals with nerve 
impulses generated in axons by the cuff may reflec- 
tively inhibit motor function. 

Small differences in anesthetic efficacy and neuro- 
physiological responses are detected when IVRA 
with lidocaine under normothermic and hypothermic 
conditions are compared. However, there appears to 
be no clinical advantage in terms of more rapid onset 
or improved quality of IVRA by cooling the extrem- 
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ity. On the contrary, hypothermia prolonged the 
development of the median nerve block and its 
recovery during IVRA with lidocaine in this study. 
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The effect of enflurane anesthesia on bronchomotor tone was 
studied in 15 dogs, using isolated tracheal segments in situ. 
In six animals, the changes of tracheal tension in response 
to changing enflurane concentration were continuously 
measured while keeping tidal volume, respiratory fre- 
quency, and end-tidal PCO, constant. In nine other dogs, 
the contractile response to a brief period of apnea was 
assessed in three planes of anesthesia, namely 0% (baseline 
anesthesia with pentobarbital), 1%, and 2% of inspired 
enflurane concentration. In addition, effects of hypercapnia, 


Potent inhalation anesthetics are known to dilate 
previously constricted areas in the tracheobronchial 
tree. Halothane, enflurane, and isoflurane attenuate 
antigen-induced bronchoconstriction in sensitized ca- 
nine airways (1,2). Halothane and cyclopropane also 
attenuate increases in pulmonary resistance (R,) dur- 
ing bilateral vagus nerve stimulation in dogs (3). 
However, the effects of enflurane on bronchomotor 
tone have not been well defined. 

Furthermore, the dilating effects of these anes- 
thetic drugs on the unstimulated airway are unclear. 
Several investigators demonstrated dilatory effects of 
halothane by using either an intrabronchial probe or 
bronchograms, while measurement of pulmonary 
mechanics failed to demonstrate an appreciable de- 
crease in R, (4-6). These discrepancies could be 
explained in part by the extent of pre-existing bron- 
chomotor tone, but may be largely due to the meth- 
ods used to determine the size of airway caliber, since 
R, includes not only airway resistance but also pul- 
monary tissue resistance. While the latter is generally 
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hypoxia, and changing tidal volume were also examined in 
three of these nine animals. Furthermore, the magnitude of 
contraction elicited by electrical stimulation of the recurrent 
laryngeal nerve (RLN) was determined at each depth of 
anesthesia in six animals. Increasing enflurane concentra- 
tions invariably decreased resting tracheal tension as well as 
the magnitude of contraction in response to apnea and RLN 
stimulation in a dose-dependent manner. These data sug- 
gest that enflurane not only decreases unstimulated canine 
bronchomotor tone but also inhibits contraction produced by 
various stimuli used in the present experiments. 


Key Words: ANESTHETICS, voLatTrLeE—enflurane. 
LUNG, TRACHEA—muscle tone. 


- believed to be a very small component, recent find- 


ings suggest that the contribution of pulmonary tis- 
sue resistance to R; is fairly large (7,8). 

Accordingly, we designed a study to evaluate the 
effects of enflurane on the airway smooth muscle 
tone using canine tracheal segments in situ and 
assuming that the response of trachealis muscle qual- 
itatively represents that of central airways (9,10). 
Furthermore, in order to see if enflurane has some 
protective effects on the constrictor response of air- 
way smooth muscle, we evaluated the magnitude of 
the changes in tension induced by a brief period of 
apnea and an electrical stimulation of recurrent laryn- 
geal nerve, which are both known to constrict trache- 
alis muscle (9). 


Methods 


The experiments were performed on 15 mongrel dogs 
weighing 8-19 kg. The protocol of the present study 
was reviewed and approved by our institutional 
animal investigation committee. The animals were 
initially anesthetized with pentobazbital (30 mg/kg, 
IV), and the surgical procedure was performed. A 
femoral vein was cannulated for administration of 
fluids and maintenance doses of pentobarbital (1 
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mg/kg/hr). A catheter was inserted into the femoral 
artery for measurement of arterial blood pressure. 
Body temperature was continuously monitored with 
a rectal thermistor and maintained at 37-38°C by 
means of a heater. The animals were placed in the 
supine position, paralyzed with pancuronium bro- 
mide (0.2 mg/kg, IV followed by 0.2 mg/kg/hr, con- 
tinuous infusion), and ventilated mechanically with a 
volume type ventilator (AIKA EVA 900) with 100% 
oxygen, first through an endotracheal tube and later 
through a low cervical tracheotomy. Ata tidal volume 
of 15 mL/kg, ventilatory frequency, set to keep end- 
tidal PCO, (Pe-CO,) at 36 mm Hg, ranged from 15 to 
20 breaths per min between animals. End-tidal PO, 
(P_7O.) was greater than 600 mm Hg in all conditions 
except during hypoxic challenge (see following), in 
which case lowest PgyO, was 30 mm Hg. These 
baseline ventilator settings were kept unchanged 
throughout the experiments. Tracheal pressure (PTR), 
air flow (V), PerCO,, and PerO, were measured at 
the connection between the tracheotomy tube and 
the ventilator circuit. Changes in lung volume (AV) 
were determined by the electrical integration of the V 
signal. 

After the cervical trachea and larynx were gently 
exposed, tracheotomy was performed at the lower 
cervical level and a J-shaped cuffed spiral tube 
(Rusch) was inserted caudally. The tracheal tube was 
tied to the anterior chest wall and the cuff inflated to 
prevent air leaks. A longitudinal incision was made 
along the anterior margin of the trachea from the 
level of cartilage 4-7, and these portions were se- 
lected as the segments in which tracheal tension 
would be monitored. The cartilages and posterior 
membranes were transected at the upper and lower 
end of the segments, with care being taken to mini- 
mize damage to the nerves and vessels that enter the 
posterior surface of the muscle. The cut ends of the 
cartilage were tethered with nylon sutures to a metal 
rod on one side of the dog’s neck and to a force- 
displacement transducer (Nihon Koden TB-611T) on 
the other side (Figure 1). The rod and the transducer 
were mounted on a rack and pinion, so that moving 
them both medially or laterally resulted in shortening 
or lengthening of the muscle fibers in the segments. 
Before the animals were paralyzed, the tension was 
adjusted to 100 g and the length of the fibers was 
fixed. Thus, during the course of the experiment, the 
force of contraction was measured isometrically. In 
six animals, the recurrent laryngeal nerve (RLN) was 
identified at the level of tracheotomy and was placed 
onto bipolar silver electrodes in warm paraffin for 
electrical stimulations. P;;CO,, V, AV, Prr, blood 
pressure, and tracheal tension were recorded on 
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Figure 1. Schematic illustration of the preparation used in the 
present experiments, including RLN, recurrent laryngeal nerve, 
and sites for measurements of Pyr, tracheal pressure V, airflow; 
AV, changes in lung volume; and PẹrCO,, end-tidal PCO,. 


ultraviolet-sensitive paper by a viscorder (Yokoka- 
wa). PTR, Pe-CO,, and tension were also recorded 
separately on recticorder (Nihon Koden). 


Experimental Procedures 


Steady state experiment In six dogs, the effect of 
changing inspired enflurane concentration on the 
resting tracheal tension was examined while keeping 
tidal volume (Vy), respiratory frequency (f), and 
PCO. constant. Because PerCO, decreases with 
increasing depths of anesthesia due to the reduction 
of CO, production (11), PgerCO, was maintained at 
approximately 36 mm Hg by adding 5% CO, to the 
inspired gas. Three different enflurane concentra- 
tions, namely 1%, 2%, and 0% (control;,pentobarbital 
alone), were used, and the sequence of changing 
enflurane concentrations was randomized in the six 
dogs. Since the tracheal tension reached a steady 
state level 15-20 min after changing inspired concen- 
tration, each concentration was maintained for 30 
min. Recovery to the original tone was confirmed at 
the end of the experiment. 


Apnea experiment In nine other dogs, after a period 
of at least 20 min of stable condition as described in 
steady state experiment, ventilation was halted for 1 
min and the magnitude of tracheal contraction was 
examined at each anesthetic depth. This maneuver 
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Figure 2. Representative records of arterial blood pressure (BP), 
end-tidal PCO, (Pg7CO,), tidal volume (V7), tracheal pressure 
(Prr) resting tracheal tension (T) and air flow (V) at various levels 
of enflurane anesthesia obtained in a dog. A, B, and C indicate 
enflurane concentration of 0%, 1%, and 2% respectively. 


was repeated at least twice at 5-min intervals at each 
concentration of enflurane while the sequence of 
changing inspired concentration was randomized. In 
three of these nine dogs, changes of tracheal tension 
were also examined while abruptly changing the 
inspired gas from 100% O, to 100% nitrogen (3-4 
min) or 5% CO,-95% O, mixture (4-5 min) to inves- 
tigate the possible role of decreasing O, tension or 
increasing CO, tension on the observed pattern of 
contraction during apnea. Furthermore, in these 
three animals, Vr was also reduced to about 1⁄2 of the 
control V for 4-5 min to see if changes in Vy could 
have some effects other than its effect through 
changes in PerCO,. These maneuvers were accom- 
plished under 0% enflurane following the apnea 
experiment and the sequence of each intervention 
was randomized in three animals. 


RLN stimulation experiment In the remaining six of 
nine dogs, the experimenters’ having obtained a 
steady condition for 20 min at each anesthetic depth, 
electrical stimulation of RLN was performed. This 
was done following the final run of the apnea 
experiment and the sequence of changing inspired 
concentrations of enflurane was randomized in each 
animal. RLN stimulation was applied for 30 sec by 
trains of square-wave pulses at a frequency of 


30 Hz with a pulse duration of 3 msec and amplitude 
of 7 V. At least 2 sets of electrical stimulation were 
performed in 5-min intervals at each enflurane con- 
centration. 


Statistical Analysis 


A two-way analysis of variance (ANOVA) and 
Tukey’s test were applied for the comparison be- 
tween each level of anesthesia. A P value < 0.05 was 
considered significant. 


Results 


Resting tracheal tension invariably decreased with 
increasing enflurane concentrations. Tracheal tension 
changed approximately 5 min after changing the 
anesthetic concentration and reached a steady state 
condition in 15-20 min. Figure 2 illustrates such 
steady state tracheal tension under various anesthetic 
depths obtained in a dog. In this animal, inspired 
enflurane concentration was changed from 1% 
(Figure 2B) to 2% (Figure 2C) and tken to 0% (Figure 
2A). The average values of resting tracheal tension for 
six animals at 0, 1, and 2% enflurane concentrations 
were 95.3 + 21.1, 71.3 + 19.2, and 55.6 + 18.4 g 
(mean + SE) respectively. The value obtained at 2% 
enflurane was statistically different from that ob- 
tained at 0% (P < 0.05). 

Examples of the pattern of contraction during 1 
min of apnea obtained in a dog under various depths 
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animal, inspired enflurane concentration was 
changed in the alphabetic order shown in Figure 3. 
The magnitude of contraction (AT) induced by apneic 
stimulation decreased with increasing the depth of 
enflurane anesthesia. Figure 3 also demonstrates the 
reversibility of the contractile response, since AT 
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Figure 3. Experimental records demonstrating the pattern of con- 
traction during a brief period of apnea at each depth of enflurane 
anesthesia in a dog. A, B, and C indicate enflurane concentration 
of 0%, 1%, and 2% respectively. D represents control (0%) mea- 
surement made at the end of the experiments. For definitions, see 
Figure 2 legends. 
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obtained in the control period after enflurane wash- 
out (Figure 3D) was essentially identical to the one 
obtained in the initial control (0%) (Figure 3A). Table 
1 illustrates the resting tension, peak tension during 
apnea, AT, and Pg;COs at each level of anesthesia in 
nine dogs. PerCO, was maintained constant in each 
depth of anesthesia and, therefore, there were no 
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statistical differences among the groups. Although 
differences were not statistically significant, resting 
tension tended to decrease with increasing the depth 
of anesthesia, as obtained in the steady state experi- 
ment. By contrast, increasing enflurane concentration 
significantly decreased AT in a dose-related manner. 
Namely, under 1% and 2% of enflurane, AT de- 
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Table 1. Mean + SEM Values of Resting and Peak 
Tracheal Tension, Changes in Tension (AT), and 
End-Tidal PCO, (P_7CO.) in Apnea Experiments 


Enflurane Tracheal Tension (g) 

Concentra- PerCO, 
tion Resting Peak AT (g) (mm Hg) 
0% 76.4 + 14.0 134.6 + 22.0 58.2 + 10.5 363+ 0.8 
1% 68.1 + 10.0 103.3 + 12.3 34.8 + 9.0% 35.7 20.7 


2% 60.4 + 14.4 76.7 + 12.7 16.4 + 4.6+,t 36.7 + 0.9 


*P < 0.05 vs 0%, tP < 0.01 vs 0%, {P <0.05 vs 1%. 


creased by 41.6% and 72.0% from control value 
respectively. 

The results of changing chemical drive and V+ 
obtained in a dog are shown in Figure 4. With 
changing inspired gas from 100% O, to 5% CO,- 95% 
Oz, PerCO, increased from control value of 36 mm 
Hg to approximately 45 mm Hg in 2 min (Figure 4A). 
Reducing V+ to % of the control Vy resulted in similar 
change in PerCO,;, as shown in Figure 4B. Similarly, 
changing inspired gas from 100% O, to 100% N, 
resulted in a reduction of PrO, to 30-35 mm Hg in 
4-5 min (Figure 4C). From these figures, it is clear 
that both hypercapnia (Figure 4A) and hypoxia 
(Figure 4C) increase tracheal tension. However, the 
time course and the magnitude of these changes in 
tension were longer and much less than those in- 
duced by 1 min of apnea. Furthermore, as shown in 
Figure 4B, decreased V+ resulted in a greater increase 
in tension with a shorter time lag, as compared to the 
change induced by 5% CO, inhalation (Figure 4A). 
Similar results were observed in each of the three 
animals studied. 

Stimulation of the recurrent laryngeal nerve invari- 
ably increased tracheal tension. Figure 5 illustrates 
such a response. Tension started to increase with a 
short time delay (approximately 1-3 sec), reached a 
maximum in 18 + 3 sec (mean + sp), and returned to 
an initial level during electrical stimulation. Prr did 
not change during stimulation in either this or in all 
other animals, indicating no detectable changes in 
bronchomotor tone. Increasing enflurane concentra- 
tion tended to decrease the contractile response in a 
dose-related fashion, while the time course of the 
response was not affected by enflurane. The results in 
all six animals are illustrated in Table 2 and Figure 6, 
which demonstrate dose-dependent decrease in AT 
with enflurane, and the statistical difference is noted 
between control and 2% (P < 0.05). 


Discussion 


The most important findings of this study include: 1) 
enflurane not only decreased the tension of unstim- 
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ulated trackealis muscle but also attenuated the mag- 
nitude of contraction elicited by a brief period of 
apnea or ELN stimulation; and 2) this effect was 
dose-dependent. These results indicate that enflu- 
rane exerts a dilatory effect on unstimulated canine 
trachealis muscle, and that it has an inhibitory effect 
on constrictor responses induced by various stimuli 
used in the present experiments. 

Our results of the dilatory effects of enflurane on 
unstimulated trachealis muscle are contrary to previ- 
ous observations that demonstrate essentially no 
change in pulmonary resistance during enflurane or 
halothane anesthesia in subjects with normal bron- 
chial tone (5,6). This discrepancy could be explained 
by the spec:es difference, but also may be largely due 
to the difference in the methods employed to detect 
changes of tracheobronchial caliber. Most of the 
methods applied to the measurement of pulmonary 
resistance re conducted in nonisometric conditions 
and are influenced by airway geometry, edema for- 
mation, and/or mucus secretion, while the present 
method is used during isometric conditions and, 
therefore, is not influenced by changes in airway 
diameter. Furthermore, although pulmonary tissue 
resistance nas been believed to be a very small 
component of pulmonary resistance, recent evidence 
suggests that the contribution of the former is fairly 
large, especially with small inspiratory flow rates and 
large tidal volumes (7,8,12). Hence the measurements 
of Ri may not correctly reflect the changes in airway 
resistance or airway caliber. 

Our assumption that the isolated tracheal seg- 
ments behave in a manner similar to that in more 
distal portions of the tracheobronchial tree may not 
be valid. Indeed, using a similar preparation to ours, 
Leff and colleagues compared sympathetic and para- 
sympathetiz contractile responses of tracheal and 
third-order bronchial smooth muscle simultaneously 
(13). They found a substantial heterogeneity between 
tracheal and bronchial smooth muscle in the distribu- 
tion of endogenous parasympathetic and sympa- 
thetic contractile responses. Namely, relative to 
cholinergic contraction, a-adrenergic-mediated con- 
traction is substantially greater in bronchi than in the 
trachea. Therefore, the behavior of bronchi and small 
bronchioles in response to enflurane might be dif- 
ferent from that of cervical trachea. However, in the 
same experiment, Leff et al. found relatively similar 
stimulus-response curves for the trachea and bronchi 
using bilateral stimulation of vagus nerve. In addi- 
tion, by comparing the changes of tracheal tension 
and R; following pharmacologic stimulation of air- 
way smooth muscle, Leff and his colleagues also 
showed that change in isometric tracheal tension is a 
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Figure 4. Characteristic changes in tracheal tension in a dog with 
5% CO, inhalation (A), a change in tidal volume (B), and inhalation 
of 100% N, (C). Arrows indicate on and off of the changes. RLN 
stimulation also shown in C (underline) for comparison. For 
definitions, see Figure 2 legends. 


more sensitive and selective measurement of airway 
contraction than R; (10). Hence it would be reason- 
able to assume that the changes in tracheal tone 
reflect qualitatively the overall changes in airway 
resistance and airway caliber in dogs. 

Neurally mediated constrictor activity of airway 
smooth muscle has been reported to parallel inspira- 
tory activity in anesthetized, paralyzed animals 
(14,15). In this connection, enflurane is known to 
depress ventilation through its inhibitory effects on 
the respiratory center. Therefore, the present results 
could be explained by such a direct effect of enflurane 
on the central nervous system. However, our results 
from the RLN stimulation experiments suggest direct 
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dilatory effects on airway smooth muscles rather than 
central effects, since the magnitude of contraction 
induced by the same stimulation parameters was 
depressed with increasing enflurane concentration. 
Several authors have reported such a direct effect of 
halothane and enflurane on in vitro preparation of 
bronchial strip (16,17). Korenaga et al. described the 
mechanisms of halothane-induced bronchodilation 
by using intracellular microelectrode and tension 
recordings (16). They clearly showed the direct inhib- 
itory effects of halothane on smooth muscle cells and 
excitatory neuro-effector transmission. Although 
their results were obtained in canine trachealis mus- 
cle in vitro and with different anesthetic, similar 
mechanisms might be responsible for the dilatory 
effect of enflurane on the canine tracheal tension in 
situ. 

In our RLN stimulation experiments, there were 
virtually no changes in tracheal pressure during elec- 
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Table 2. Mean + SEM Values of Resting and Peak 
Tracheal Tension, Changes in Tension (AT), and 
End-Tidal PCO, (PerCOĻ2) in RLN Stimulation 
Experiments 





Enflurane Tracheal Tension (g) 

Concentra- ————~—~— PeCO, 
tion Resting Peak AT (g) (mm Hg) 
0% 87.4 + 10.0 134.2 + 15.7 46.8 +11.8 36.3 + 1.2 
1% 70.7 £62 TUZTEN 3L 109 -36:611 


2% 63.7 = 9.6 81.4 + 5.5 17.7 + 10.1* 36.2 + 1.0 


*P < 0.05 vs 0%. 


trical stimulation. Since the inspiratory flow rate and 
tidal volume were constant, this implies that no 
detectable changes in respiratory resistance occurred 
during RLN stimulation. The lack of detectable 
changes is probably due to the absence of retrograde 
stimulation or, conversely, due to the absence of the 
response of bronchial tree distal to the isolated seg- 
ments. However, the latter possibility is quite un- 
likely since, in our preliminary study, we observed an 
increase in PTR and decreases in heart rate and 
arterial blood pressure in response to electrical stim- 
ulation of vagosympathetic trunk. 

As demonstrated by Brown et al. (9), the mecha- 
nisms of the tracheal contraction during a short 
period of apnea involve vagal afferent influences 
from pulmonary stretch receptor (PSR). Namely, an 
increase in Vy and respiratory frequency is known to 
stimulate slowly-adapting PSR (18) which, in turn, 
exerts an inhibitory effect on airway motor nerve 
activity. The fact that an increase in tracheal tone in 
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Figure 5. Changes in tracheal tension in response to electrical 
stimulation of recurrent laryngeal nerve at different levels of 
anesthesia in a dog. For definitions, see Figure 2 legends. Note the 
biphasic response in control and with 1% enflurane anesthesia. 
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Figure 6. Changes in the magnitude of contraction (AT) with 
increasing enflurane concentration in 6 dogs. Values are mean + 
SE. *P < 0.05 vs 0%. 


response to decreasing levels of Vy is more rapid and 
intense than that observed during CO, inhalation 
with a similar degree of hypercapnia supports this 
notion. Present results also indicate that enflurane 
has inhibitory effects on the PSR mediated regulatory 
mechanisms of tracheal tone. However, it remains 
uncertain to what extent the activity of PSR is modi- 
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fied by enflurane and influences the overall changes 
in tracheal tension. 

The implication of the present results is that enflu- 
rane decreases bronchomocor tone and inhibits con- 
tractile responses induced by various stimuli. These 
effects are beneficial for reduction of the work of 
breathing and for prevention of bronchospasm in 
patients with hyperreactive airways and chronic ob- 
structive lung disease. On the other hand, decreased 
bronchial tone would invariably result in an increase 
in anatomical dead space which, in turn, could exac- 
erbate alveolar hypoventilation induced by enflu- 
rane. 

This study demonstrates that enflurane dilates 
both unstimulated and stimulated canine trachealis 
muscle in a dose-dependent fashion, and that direct 
action on smooth muscle cells and/or neuro-effector 
transmission is involved in such effects. 
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Postoperative hemorrhage remains a major cause of morbid- 
ity after cardiopulmonary bypass (CPB). Treatment re- 
mains empiric because of the need for immediate correction 
and the lack of availability of rapid intraoperative coagula- 
tion monitoring (except for ACT) at most institutions. 
Thrombelastography (TEG) and Sonoclot analysis (SCT) 
are measures of viscoelastic properties of blood which allow 
rapid intraoperative evaluation of coagulation factor and 
platelet activity as well as overall clot integrity from a single 
blood sample. Routine coagulation tests (RCT) including 
activated clotting time (ACT), prothrombin time (PT), 
partial thromboplastin time (PTT), fibrinogen level (FIB), 
and platelet count (PLT) were determined and compared to 
TEG and SCT to assess which best predicted clinical 


Despite technical improvements in procedures and 
equipment, postoperative hemorrhage remains a ma- 
jor cause of morbidity after cardiopulmonary bypass 
(CPB) necessitating surgical reexploration of the chest 
in approximately 3% of patients who have undergone 
cardiac operations (1). Evaluation of blood loss fol- 
lowing CPB requires careful attention to the diverse 
details of the hemostatic competence of the patient 
and the nature of the surgical procedure. Although 
the coagulation mechanism may be normal preoper- 
atively, major changes occur in the coagulation sys- 
tem during CPB. The hemorrhagic tendency after 
CPB is a complex reflection of multiple hemostatic 
defects. Coagulopathies caused by hemodilution of 
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hemostasis after CPB. Forty-two patients prospectively felt 
to be at high risk for excessive post-CPB bleeding had blood 
obtained for RCT, TEG, and SCT analysis before systemic 
heparinization and 30 min after protamine administration. 
Nine of 42 patients had excessive chest tube drainage, but 
no reoperations were required. After CPB, mean values for 
RCT were normal, but there were abnormalities in TEG and 
SCT parameters that reflect platelet-fibrin interaction. Both 
TEG and SCT were 100% accurate in predicting bleeding in 
these nine patients and, overall, both tests were signifi- 
cantly better predictors of postoperative hemorrhage than 
RCT. We conzlude that viscoelastic determinants of clot 
strength may be abnormal after CPB and that SCT and 
TEG are, therefore, more useful than RCT for the detection 
and management of coagulation defects associated with 
CPB. 


Key Words: BLOOD—coagulation. SURGERY— 
cardiovasculeér. 


procoagulants, fibrinogen, and platelets are com- 
pounded by platelet abnormalities induced by drugs, 
oxygenators, roller pumps, and pump suction de- 
vices. After CPB, these changes may result in non- 
surgical bleeding due to coagulation factor deficiency 
or inactivation due to heparin, platelet deficiency in 
quantity or quality, fibrinolysis, or disseminated in- 
travascular zoagulation (1-4). 

Monitoring of coagulation and heparin therapy 
intraoperatively is most commonly done with the 
activated clotting time (ACT) or heparin assay. Post- 
operatively, a variety of coagulation tests are often 
performed to assess individual aspects of whole 
blood coagulation. Commonly measured parameters 
include the prothrombin time (PT), partial thrombo- 
plastin time (PTT), platelet count (PLT), and fibrin- 
ogen level (FIB). These tests may be augmented with 
measures of clot integrity such as the euglobulin lysis 
time or fibrin split product levels. Each of the above 
tests reflects isolated portions of the hemostatic sys- 
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Figure 1. Production of normal thrombelastogram and measured 
parameters. R = reaction time, K = BiKoatugulierung or coagula- 
tion time, a = clot formation rate, MA = maximum amplitude, Ago 
= amplitude 60 min after MA, Ag o/MA, whole blood clot lysis 
index, F = whole blood clot lysis time. 


tem; as such no single common laboratory test rou- 
tinely allows specific diagnosis of all coagulation 
defects, and a panel of these as well as possibly other 
tests are required to delineate the exact nature of a 
coagulopathy. 

Traditional therapy for cardiac surgical patients 
who are bleeding still remains empiric at many insti- 
tutions because of the perceived need for immediate 
correction of the hemostatic defect and the lack of 
readily available intraoperative monitors of all phases 
of clot formation, strength and breakdown. The ad- 
ministration (in some centers) of fresh frozen plasma 
and platelets often has little scientific basis. Because 
blood products are scarce, costly, and not without 
risk, improved monitoring in the operating room 
should keep inappropriate use of them to a mini- 
mum. Technology now exists to assess the intact 
clotting mechanism in the operating room. Throm- 
belastography (TEG) and Sonoclot analysis (SCT) are 
both methods of evaluating all phases of coagulation 
and allow assessment of coagulation factor, fibrin- 
ogen, and platelet activity as well as clot maturation 
and lysis, all from a single sample of blood (5,6). TEG 
and SCT are both convenient, easily performed meth- 
ods of evaluating overall clot reaction and have been 
shown to be of clinical value in the evaluation of the 
hemostatic process during hepatic transplantation 
and cardiac surgery (7-9). Because these monitors of 
viscoelastic properties reflect the functionality of the 
overall hemostatic process, we postulated that they 
would be more useful in assessing coagulation after 
CPB than routine coagulation tests (RCT). Each RCT 
looks at only a small portion of the hemostatic mech- 
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anism and most RCT commonly obtained after CPB 
do not reflect platelet functionality. Therefore, RCT 
may not reflect the overall complex interactions of 
multiple hemostatic defects which may lead to a 
poorly functioning clot. The goal of this study was to 
compare RCT, SCT, and TEG before and after CPB to 
assess their accuracy in predicting clinical hemosta- 
sis. 


Methods 


After approval by the Institutional Human Investiga- 
tion Committee, 42 adult cardiac surgical patients 
prospectively felt to be at high risk for excessive 
post-CPB bleeding gave consent to participate in this 
study. Patients were considered to be at high risk for 
bleeding if they were undergoing reoperative cardiac 
procedures, valve replacement, ventricular or aortic 
arch aneurysm resection, or other complex cardiac 
procedures. All patients had normal preoperative 
coagulation and liver function studies and none re- 
ceived anticoagulant or antiplatelet medications 7 
days before surgery. All patients received general 
anesthesia with narcotics and potent inhalation 
agents in accordance with standard anesthetic tech- 
niques. Non-pulsatile cardiopulmonary bypass with 
a bubble-type oxygenator and moderate hypothermia 
was employed in all cases. 

Blood samples for coagulation studies were drawn 
before systemic heparinization and 20-30 min after 
the final administration of protamin2 according to the 
method of Bull (10). If the ACT did not normalize 
with the calculated protamine dose, additional doses 
of protamine (25 mg, incrementally) were adminis- 
tered. When the total protamine dose exceeded 1.5 
mg per 100 units of heparin, an in vitro protamine 
titration (10 mcg/mL of blood) was used to determine 
if the prolongation of the ACT was due to heparin or 
to other causes. The RCT consisted of ACT, PT, PTT, 
PLT, and FIB. Simultaneously, TEG determinations 
were performed using 0.35 mL of whole uncitrated 
blood and a commercially availatle thrombelasto- 
graph (Biclot Elvi 816 Thrombelastozraph, Logos Sci- 
entific, Henderson, Nevada and Hellige Thrombelas- 
tograph, Haemoscope Corporation, Glenview, IM). 
SCT determinations were similarly performed using 
0.40 mL of whole uncitrated blooc and a commer- 
cially available device (Sonoclot Analyzer, Sienco, 
Inc., Morrison, Colo). 

TEG is performed by placing a small amount of 
whole blood (0.35 mL) in a metal cuvette, into which 
a piston is suspended from a tcrsion wire. The 
cuvette rotates a small amount and alterations in 
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Figure 2. Production of normal Sono- 


clot analysis and measured parameters. ae S 
T, = onset time, R; and R, = clot ae strands = 
formation rate, PEAK = maximum de- nae D 
veloped impedance, R, = clot retraction a 
rate. nag whole blood E 
(0.4 ml) 
~ cuvette 
Time 
Table 1. Coagulation Data before and after CPB 
No bleeding (N = 33) Abnormal Blzeding (N = 9) 
Normal Before Afte- Before After 
Variable Range Heparin Protamine Heparin Protamine 
RCT 
ACT (sec) 110-150 137.1 + 10.1 144.6 + 3.9 131.9 + 7.2 142.1 + 10.6* 
PT (sec) 10.5-12.8 11.1 + 0.4 11.8 + ).9 11.0 + 0.4 11.7 + 0.6 
PTT (sec) 26-32 29.3 + 2.6 32.0 + 4.1 28.8 + 1.6 31:6 EI 
FIB (mg/dl) 180-450 289.6 + 44.1 216.1 + 51.2 301.6 + 57.9 215.9 + 48.3 
PLT (10/mm°?) 150—450 256.2 + 40.7 185.0 + 48.6 268.7 + 51.4 192.3 + 51.5 
SCT 
T, (min) 2—6 4.4 + 2.1 5.0 + 2.8 3.8 + 1.9 522433 
R, (mm/min) 15-30 28.6 + 15.6 22.9 + 12.6 27.8 + 12.3 14.9 + 6.3 
R, (mm/min) 15-30 22.3 + 14.6 26.2 + 13.9 28.8 + 15.1 10:2: 6.2°F 
PEAK (mm) 70-90 82.8 + 16.0 ZLO 13.5" 86.2 + 12.9 57.1 4-5.9*} 
R, (mm/min) —(2-8) S27 £25 —2.0 + 1.8 —3.4 + 2:6 —0.5 + 0.4*+ 
TEG 
R (min) 5-12 6.7 + 2.6 90532 5.91.9 9.3+ 4.8 
K (min) 3-5 3.0 = 14 3.62 1.9 2.9+ 1.1 Bed 15 
a (deg) 40-60 53.4 + 11.6 45.0 + 11.4* 57.1 + 10.1 36.9 + 10.5” 
MA (mm) 50-70 53.8 + 10.8 49.9 + 3.2 58.2 + 5.5 38.8 + 9.6*+ 
Aso (mm) > .85 MA 49.3 + 12.6 43.2 + 3.4 53.8 + 4.1 36.8 + 9.1* 


Values are means + sp; see text for definitions. 


disposable probe 
vibrating 1pm@ 200 Hz 
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*Value after protamine significantly different from before heparin within group, P < 0.05, 
tValue after protamine significantly different between bleeders and nonbleeders, P < 0.05. 


shear elasticity produced by the changing viscoelastic 
properties of the forming clot are transmitted through 
the torsion wire and measured on a recorder (Figure 
1). TEG thus provides a measure of clot formation 
from initial procoagulant activation and fibrin forma- 
tion through fibrin cross-linking and clot retraction to 
eventual clot sysis. Several parameters are used to 
describe the TEG representation of whole blood co- 
agulation. The reaction time (R value) measures the 
time from placement in the cuvette until an ampli- 
tude of 1 mm is achieved and is the time necessary for 
initial fibrin formation. The K value is defined as the 
time interval from the end of R value until the 
amplitude of the TEG is 20 mm and is a measure of 
the rapidity of fibrin build-up and cross-linking. The 


MA, or maximum amplitude, is a reflection of the 
absolute st-ength of the fibrin clot and depends on 
platelet number and function as well as fibrinogen 
levels. The & value is measured as the slope of the 
outside divergence of the tracing from the point of 
the R value and also denotes the speed at which clot 
is being formed and cross-linked. The parameter Ago 
denotes the amplitude 60 min after the MA is mea- 
sured. Clot lysis can be determined ty measuring the 
amplitude as a function of time. The ratio Agg:MA as 
well as the F value (time from MA until the amplitude 
returns to zero) reflect loss of clot integrity due to clot 
lysis. 

SCT is performed by placing a similar amount of 
whole blood (0.4 mL) into a cuvette in which a 
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vertically vibrating probe is suspended. The changes 
in mechanical impedance exerted upon the probe by 
the changing viscoelastic properties of the forming 
clot are measured on a recorder and a tracing such as 
in Figure 2 is produced. As fibrin strands form, 
impedance rises at various rates until a peak imped- 
ance is achieved. The onset time (T) reflects the 
beginning of fibrin formation and the primary slope 
(R,) reflects further fibrin formation and the speed at 
which the clot is being formed. An inflection point is 
often seen where the platelets first start contracting 
the fibrin strands. The secondary slope (R,) reflects 
further fibrinogenesis and platelet-fibrin interaction. 
A peak impedance (PEAK) reflects completion of 
fibrin formation. A downward slope (R;) is produced 
as platelets induce contraction of the completed clot. 
Therefore, platelet functionality and number are key 
determinants of the PEAK and R, values. When 
platelet function or number are poor, one sees a 
plateau rather than a peak followed by a steep R, due 
to clot contraction. Clot lysis can be determined by 
measuring the final impedance as a function of time 
(i.e., severe fibrinolysis results in a final impedance 
close to that at the onset of clot formation). 

Measurements of the TEG parameters R, K, a, 
MA, Ago, and SCT parameters T,, R R,, PEAK, and 
R, were performed on all samples. Excessive bleeding 
was defined as chest tube drainage greater than 150 
mL/hr for 2 consecutive hr or greater than 300 mL/hr 
in 1 hr during the first 8 hr after surgery. Data for 
normal and abnormal postoperative hemorrhage 
were compared with normal and abnormal postby- 
pass RCT, SCT, and TEG. Abnormalities of coagula- 
tion were defined as values exceeding 20% reduction 
from the lowest values of the normal range for FIB, 
PLT, a, MA, Ago, Ry, Ro, PEAK, and R,, or exceeding 
20% of the highest values of the normal range for 
ACT, PT, PTT, R, K, and T,. Prebypass and postby- 
pass coagulation parameters were compared using 
two-way analysis of variance with repeated measures 
in one variable. Secondary testing was performed 
using the Tukey-a method when necessary. The y 
test was used to compare the value of the various 
coagulation tests in predicting postoperative bleed- 
ing, assuming equal probabilities. The null hypothe- 
sis was rejected if P < 0.05. 


Results 


Table 1 compares the coagulation data of patients 
who experienced abnormal post-CPB hemorrhage 
(N = 9) to those without excessive bleeding (N = 33). 
Before CPB, mean values of all RCT, SCT, and TEG 
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Table 2. Accuracy of Prediction of 
Postoperative Hemorrhage 
Coagulation % Overall % False % False 
Monitor Accuracy Negative Positive 
TEG* 88 D 15 
SCT* 74 D 33 


RCT 33 44 73 
*TEG and SCT significantly better than RCT, P < 0.01. 


parameters were within normal laboratory values in 
both groups of patients. After CPE and administra- 
tion of protamine, mean values of RCT returned to 
normal values in both groups although the ACT 
value was significantly longer compared to baseline 
in those patients who bled excessively. Nonbleeding 
patients also had normalization of SCT and TEG 
parameters after protamine, although peak imped- 
ance of the SCT and a of the TEG were significantly 
smaller than their respective prebypass values. In 
contrast, patients who bled excessively had abnormal 
values of parameters reflecting platelet-fibrin interac- 
tion (SCT: R,, PEAK, R, and TEG: a, MA, Ago) that 
were also significantly different from prebypass val- 
ues. Of these parameters, the R,, PEAK, R}, and MA 
values of bleeders were also significantly different 
than those of nonbleeders after CPB. These differ- 
ences in the various coagulation parameters seen 
after CPB suggest that there might be a significant 
difference in their ability to predict clot function as 
reflected in abnormal postbypass blzeding. 

Data on the predictive accuracy of the various 
coagulation monitors are presented in Table 2. After 
CPB, RCT were abnormal in 29 of 42 patients, but no 
single conventional coagulation test was consistently 
abnormal. Five of the 29 abnormal postbypass RCT 
evaluations correctly predicted bleeding, while RCT 
correctly predicted no bleeding in nine patients for an 
overall accuracy of 33% [(number of correctly pre- 
dicted bleeders + number of correctly predicted non- 
bleeders)/42]. Fourteen of 42 patients had abnormal 
TEG, and 20 of 42 had abnormal SCT evaluations 
after protamine. The majority of the abnormalities in 
these tests were related to viscoelastic measures of 
functional platelet-fibrin interaction (TEG:a and MA; 
SCT: R,, PEAK, R3, see Table 1). The minority of 
abnormalities in these tests were related to coagula- 
tion factor function. There were no false negatives in 
predicting abnormal postbypass bleeding using TEG 
or SCT. There were also significantly less false posi- 
tive predictions for abnormal bleeding using TEG 
(15%) and SCT (33%) compared to RCT (73%). Over- 
all predictive accuracy of abnormal and normal clini- 
cal hemostasis was significantly better with TEG or 
SCT than with RCT (Table 2). If the criteria for 
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Figure 3a. Perioperative TEG analysis demonstrating nor- 
mal preoperative coagulation function. After CPB and 
protamine administration, diminished MA and a values 
(demonstrating platelet dysfunction) were accompanied 
by excessive mediastinal bleeding. Treatment with 
DDAVP (0.3 mcg/kg) was associated with normalized MA 
and a values and cessation of bleeding. RCT were all 
within normal laboratory values in this patient. 


predicting abnormal postsurgical hemostasis second- 
ary to inadequate platelet number was decreased 
from the lower range of laboratory abnormality 
(150,000/mm? to 100,000/mm?), there still remain 22 
patients in whom RCT incorrectly predicted clinical 
hemostasis. The overall accuracy of RCT is then 
improved (20/42) but still remains <50% in predicting 
postoperative bleeding. There were no significant 
differences in the overall predictive ability, false pos- 
itive, or false negative rates between TEG and SCT. 

All nine patients with abnormal clinical hemostasis 
had coagulation therapy directed by the results of the 
battery of RCT, SCT, and TEG, and no patient re- 
quired reoperation. No one single coagulation vari- 
able was used to guide therapy, and choice of therapy 
depended upon the severity of the bleeding and 
clinician’s preference. For example, when a bleeding 
patient had a normal set of RCT and the SCT revealed 
diminished R,, Rə, or PEAK values (with normal T; 
and R,) or the TEG demonstrated decreased a or MA 
values, patients received either platelet transfusion 
(N = 4) or desmopressin acetate (DDAVP, N = 1). 
Figure 3 demonstrates the TEG and SCT patterns 
before CPB, after protamine administration, and after 
administration of DDAVP in such a patient. Prolon- 
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PRE CPB, PRE HEPARIN 


R=6 min 
K=2.5 min 
a=60 deg 
MA=68 mm 
A=67 mm 


POST CPB, POST PROTAMINE 


R=1O0 min 
K=8.5 min ` 
a=30 deg 
MA=35 mm 
A=33 mm 


POST CPB, 1 HR POST DDAVP 


R=10.5 min 
K=4.5 min 
a=50 deg 
MA=52 mm 
A=50 mm 


gation of R and K values or of T; and R; values of the 
TEG and SCT respectively (with normal viscoelastic 
measures of platelet-fibrin function) prompted in 
vitro protamine testing on whole blood in three 
patients. Tais demonstrated improvement in TEG 
and SCT parameters, indicative of residual heparin 
effect in one patient who subsequently received more 
protamine; the other two patients were treated with 
fresh frozen plasma. One of the nine patients had 
TEG and SCT evidence of significant fibrinolysis, and 
treatment with epsilon-aminocaproic acid resulted in 
clinical hemostasis. 


Discussion 


Hemostatic abnormalities after CPB may be caused by 
reductions in coagulation factors, inadequate reversal 
of heparinization, excessive protamine administra- 
tion, increased fibrinolytic activity, abnormal fibrin 
polymerization, thrombocytopenia, and defective 
platelet function. Multiple qualitative abnormalities 
of platelet function have been reported, including 
decreased platelet adhesiveness and aggregation, re- 
duced membrane binding of alpha-adrenergic ago- 
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PRE CPB, PRE HEPARIN 


T, = 2.1 min 

R= 18 mm/min 

= 16 mm/min 
Peak =73 mm 

R, = 7 mm/min 


POST CPB, POST PROTAMINE 


T, = 2.6 min 
a= 8 mm/min 
R= 3 mm/min 

Peak = 55 mm (ill-defined) 
R= mm/min 


POST CPB, 1HR POST DDAVP 


T = 2.0 min 

R,= 18 mm/min 

R,=12 mm/min 
Peak =63 mm 

R =8 mm/ min 


Figure 3b. Perioperative SCT analysis of same patient in Figure 3a. 
Preoperative SCT parameters were normal; after protamine admin- 
istration R, and R, are markedly diminished, the peak is blunted 
and its amplitude abnormal (consistent with platelet dysfunction). 
Treatment with DDAVP was associated with improvement in R,, 
R,, and peak impedance. 


nists and fibrinogen, and selective depletion of alpha 
granules (11-15). These abnormalities are primarily 
due to platelet activation during CPB and are com- 
pounded by hypothermia, protamine, and hemodi- 
lution. The majority of the patients in this study who 
exhibited a clinical hemorrhagic diathesis (5 of 9) had 
platelet function abnormalities demonstrated by TEG 
and SCT despite normal platelet counts. Other inves- 
tigators have also demonstrated impairment in plate- 
let function in patients with mediastinal bleeding 
after open-heart surgery despite platelet counts 
above 100,000/mm?° (12). Clotting is a dynamic pro- 
cess which is difficult to quantitate especially when 
using the static endpoints of RCT which provide less 
information about the quality of the clot, the kinetics 
of its formation, and the interactions of the various 
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components of the clotting process beyond the first 
stages of clotting. RCT would therefore not be ex- 
pected to identify many of the causes of clot dysfunc- 
tion after CPB. 

TEG and SCT enable the clinician to follow a 
graphic record of the coagulation process and allow 
for diagnosis of specific problems in the hemostatic 
system. The greater predictive accuracy of these 
monitors compared to RCT probably reflects the 
inability of the RCT that we employed to measure 
viscoelastic properties of clot strength and function. 
RCT such as the PT, PTT, FIB, or PLT do not assess 
the interaction of the coagulation cascade with the 
platelet surface, which is altered during CPB (11-15). 
Perhaps use of template bleeding times, platelet 
function tests, euglobulin lysis times, or fibrin degra- 
dation products would provide more useful informa- 
tion about clot integrity. However, these tests are not 
regularly performed in the operating room after pro- 
tamine reversal and each of them gives a limited view 
into the clotting process. Both SCT and TEG provide 
rapid evaluation of all phases of coagulation activity 
from a single sample of blood, on-site in the operat- 
ing room. This allows rapid goal-directed therapy of 
postbypass coagulation defects. Such therapeutic in- 
terventions can be instituted more rapidly than those 
based on tests performed at sites distant from the 
operating room. The convenience of on-site use by 
anesthesia personnel combined with better accuracy 
in predicting clinical hemostatic function should re- 
duce the morbidity associated with post-CPB bleed- 
ing as well as the need for empiric therapy with blood 
products that are costly and carry the risk of infec- 
tious complications. 

Our data suggest that SCT and TEG monitoring of 
coagulation are reliable predictors of abnormal clini- 
cal hemostasis after CPB that provide evaluation of 
the coagulation process from onset through clot lysis, 
allowing appropriate guidance of therapy in the post- 
bypass period. Further controlled studies are neces- 
sary to demonstrate the effectiveness of these vis- 
coelastic measures of coagulation in reducing blood 
product usage after cardiac surgery. 
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Differing Effect of Agonist and Antagonist Muscle Relaxants on Cat 


Jaw Muscles 


A. F. L. Van Der Spek, mp,” P. I. Reynolds, mp,* J. A. Ashton-Miller, PhD,t 


C. S. Stohler, pps,t and M. A. Schork, PhD§ 


VAN DER SPEK AFL, REYNOLDS PI, ASHTON-MILLER 
JA, STOHLER CS, SCHORK MA. Differing effect of 
agonist and antagonist muscle relaxants on cat jaw 
muscles. Anesth Analg 1989;69:76-80. 


Mouth closure and an increased resistance to mouth open- 
ing follow succinylcholine administration in humans. To 
elucidate the effects of succinylcholine on masticatory mus- 
cle function, mouth opening in the cat, produced by a 
constant test force, was measured during steady state 
halothane anesthesia. After baseline measurements, either 
succinylcholine (0.3 mg-kg~* of body weight) or vecuro- 
nium (0.1 mg-kg~" of body weight) was infused intrave- 
nously, and mouth opening measurements were repeated 
for up to 30 min. Concomitantly, muscle relaxant effect was 
quantified by measurement of the neuraliy-evoked tibialis 
anterior muscle response. All animals given succinylcholine 
displayed active jaw closure, which was followed by an 


Succinylcholine administered intravenously in doses 
of 1-2 mg/kg of body weight during halothane or 
enflurane anesthesia in humans is associated with an 
increase rather than a decrease in resistance to mouth 
opening. Vecuronium administration under the same 
circumstances is not associated with mouth opening 
changes (1,2). It is desirable to identify an animal that 
exhibits a similar response following succinylcholine 
and vecuronium administration during inhalation 
anesthesia to permit the elucidation af the mecha- 
nism(s) underlying this unexpected response. There- 
fore, we studied the resistance to mouth opening 
after the administration of succinylcholine and vecu- 
ronium in the cat. 
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increased resistance to mouth opening. This increased 
resistance was present after cessation of fasciculations and 
during complete twitch suppression. It lasted beyond the 
time at which the limb muscle twitch had fully recovered. 
Vecuronium administration was associated with a decreased 
resistance to mouth opening without a closing action. The 
initial jaw closure and the subsequently increased resistance 
to mouth opening after succinylcholine administration dur- 
ing halothane anesthesia in the cat are comparable with 
mouth opening changes after succinylcho.ine administra- 
tion during inhalation anesthesia in humans, The cat may 
serve as an animal model for study of the mechanisms 
involved in responses of jaw muscles to succinylcholine with 
use of techniques inappropriate in humans. 


Key Words: ANESTHETIC, VoLatiLe—halothane. 
NEUROMUSCULAR RELAXANTS, 
SUCCINYLCHOLINE—vecuronium. 


The cat was chosen as an experimental animal 
because it is frequently used for the study of muscle 
relaxants and, therefore, much is known about relax- 
ant dosages and their effects :n limb muscles. 
Halothane anesthesia was chosen as the inhalation 
agent because it had provided the conditions for 
demonstration of the response in humans, and it is 
well tolerated in cats. Furthermore. depth of anesthe- 
sia with an inhalation technique is simple to control 
and quantify in terms of a steady state end-tidal level, 
whereas anesthetic depth in the cat is less well 
defined during intravenous techn:ques with, for ex- 
ample, a-chloralose. The mouth opening techniques 
used in the human studies were duplicated in the 
experimental animal to reproduce the same type of 
measurement and, perhaps, responses as docu- 
mented in humans. 


Methods 


The following study was approved by the Universi- 
ty’s Committee on Use and Care of Animals. Adult 
cats of either sex were obtained frcm the University’s 


CAT JAW MUSCLE AND SUCCINYLCHOLINE 


Laboratory of Animal Medicine. They were in good 
health. Food and water were not withheld, and they 
were not treated with antibiotic medication. General 
anesthesia with halothane in oxygen was induced in 
an induction chamber. At a deep level of anesthesia, 
cats were transferred to the operating room table and 
placed in the dorsal recumbent position. Under direct 
laryngoscopy, the trachea was intubated orally dur- 
ing spontaneous respirations with a 4.5-mm endotra- 
cheal tube. The tracheal tube was securely fastened 
just lateral to the left maxillary canine. Ventilation 
was controlled with an anesthesia ventilator (Air- 
Shields Inc., Hatboro, PA and Ohio Medical Prod- 
ucts, Madison, WI) utilizing a circle system with soda 
lime absorber and a halothane vaporizer (Fluotec 
Mark 3, Cyprane North America Inc., Tonawanda, 
NY). End-tidal levels of carbon dioxide (CO,) and 
halothane were measured by a calibrated infrared 
spectrometer (ACE, Sensors Inc., Ann Arbor, MI). 
Normocarbia for cats was maintained with a stable 
end-tidal level of 2.5% halothane. The femoral artery 
and vein were exposed and cannulated through inci- 
sions in the right inguinal region. Arterial pressures 
were transduced, and arterial blood gas tensions 
were determined intermittently to maintain the par- 
tial pressures of oxygen, carbon dioxide, and the pH 
within the normal range for cats (3). A balanced 
electrolyte solution was infused intravenously. The 
electrocardiogram was recorded via needle elec- 
trodes. Body temperature was measured with a rectal 
thermistor probe (Yellow Springs, OH), which also 
served as the feedback loop for infrared heating 
lamps to maintain a normal body temperature of 
38.5-39°C (3). 

The skin overlying the left hind leg was incised 
from the area of the femoral trochanter down to the 
popliteal space. The muscles overlying the sciatic 
nerve were bluntly parted along their fascial plane 
and the sciatic nerve was transected at the level of the 
femoral trochanter. Platinum electrodes were placed 
at the tibial branch of the sciatic nerve in the popliteal 
space. After irrigation, the muscles and skin were 
reapproximated to prevent heat loss and drying of 
the nerve. The tibial nerve was stimulated with 
supramaximal, square wave pulses of 0.2 ms duration 
at a rate of 1 Hz, delivered via a stimulus isolation 
unit (S88 Stimulator and SIU #5, Grass Medical 
Instruments, Quincy, MA). The relatively high fre- 
quency of stimulation was chosen to describe the 
masticatory muscle phenomena with a better time 
resolution than would be attainable with a stimulus 
frequency of 0.1 Hz. Thus, the timing of onset, 
duration, and offset of the effects of muscle relaxants 
may not be directly comparable with timing obtained 
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with different stimulus frequencies. The tibia was 
fixed with Steinman pins in a rigid frame, which 
allowed iscmetric contractions of the left anterior 
tibialis muscle. The tendon of the anterior tibialis 
muscle was surgically exposed at the dorsum of the 
left foot. It was freed and transected distal to the 
proximal retinaculum extensorum and attached, with 
nonstretchable suture material, to an isometric force 
transducer (FT10, Grass Medical Instruments, Quin- 
cy, MA). The force transducer was contained in the 
rigid frame. The physiological signals of the transduc- 
ers were amplified, displayed, and recorded (Gould 
Brush 2400, Gould Instruments, Cleveland, Ohio). 
Following determination of the supramaximal stimu- 
lus level and the optimal pre-load, the preparation 
was allowed to stabilize for a minimum of 10 min. 
Total preparation took approximately 45 min during 
which time the end-tidal halothane concentration 
stabilized at 2.5%. 

The cat’s head was immobilized on the operating 
table. Mouth opening was produced by the applica- 
tion of a constant force of 0.835 Newton to the 
mandible (Neg’ator Motor’, McMaster-Carr, Elm- 
hurst, IL). The force was directed in the mid-sagittal 
plane at a 90° angle to the mandibular plane. The 
resulting separation of the maxillary and mandibular 
incisors was measured in the mid-sagittal plane. This 
method is analogous to that reported earlier for 
humans (1). After baseline measurements, either 
succinylcholine 0.3 mg-kg™* or vecuronium 0.1 
mg-kg~' wes injected as a bolus in the iliac vein. 
These doses of succinylcholine and vecuronium are 
approximately equipotent (2.5 times the ED-95) in 
depressing the neurally evoked limb muscle twitch in 
cats following intravenous administration (4-6). The 
magnitude of the doses were chosen to ensure flac- 
cidity of all limb and abdominal muscles. The relax- 
ants were randomly assigned to the experimental 
animals. Mouth opening measurements were ob- 
tained at intervals of 30 sec for the first 10 min and at 
1 min intervals during the next 20 min. 

Body weights of the two groups of cats were 
compared bv analysis of variance (ANOVA). To as- 
sess whether either muscle relaxant had a significant 
effect on mouth opening over time within each 
group, baseline mouth opening was compared by 
one population repeated measures ANOVA (op- 
rm-ANOVAI to that at 1, 10, 20, and 30 min after 
muscle relaxant administration. Mouth opening after 
administration of the two relaxants at 1, 10, 20, and 30 
min was compared by ANOVA. Because of variation 
in baseline, opening measurements were also ex- 
pressed in each animal relative to their baseline value 
(normalization). Between-group comparisons at 1, 
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Table 1. Comparisons of Mean Mouth Opening (in mm and in values normalized with respect to their baseline) in 
the Cat during Halothane Anesthesia (2.5% end-tidal) after Intravenous Succinylcholine (0.3 mg-kg~*) or Vecuronium 





(0.1 mg-kg~*) Administration 


Relaxant n Baseline 1 min 10 min 20 min 30 min 
Mouth Opening (mm) 
succinylcholine 0.3 6 35.1 + 2.4 18.3 + 6.4 27.3 + 6.4 27.9 + 5.8 29.6 + 4.83* 
mg*kg’ 
Vecuronium 0.1 mg-kg™! 6 30.6 + 1.8 ILS 2.6 32.2 + 2.4 32.2 + 2.4 32.3 £ 1.721 
ANOVA F = 12.6 F = 19.7 F = 2.7 F = 2.4 F = 1.67 
P < 0.01+ P < 0.005+ P < 0.13 P< 0.15 P < 0.22 
Mouth Opening Normalized With Respect to their Basel:ne 
Succinylcholine 0.3 1 0.52 + 0.17 0.77 + 0.14 0.79 + 0.14 0.82 + 0.13* 
mg'kg`' 
Vecuronium 0.1 mg-kg™! 1 1.04 + 0.04 1.05 + 0.04 1.05 + 0.04 1.05 + 0.04t 
ANOVA F = 43.3 F = 17.6 F = 17.0 F = 14.2 
P < 0.0004+ P < 0.01+ P < 0.014 P< 0.02+ 


“One population repeated measures ANOVA indicated the values at 1, 10, 20, and 30 min to differ significantly from baseline in the group receiving 
succinylcholine (F = 35.2, P < 0.001, corrected for pairwise multiple comparison). tthe values at 10, 20, and 30 min differed from those at baseline in animals 
receiving vecuronium (F = 5.1, P < 0.03, corrected for pairwise multiple comparison). Mouth opening values between groups were compared by ANOVA; 
+ = indicates corrected for pairwise multiple comparison according to Bonferroni equation. Values are expressed as mean + SD. 


10, 20, and 30 min were repeated by ANOVA. To 
compare all changes in mouth opening over time 
among the two muscle relaxant groups, a profile 
analysis was obtained by fitting a polynomial func- 
tion in each cat to the mouth opening values after 
muscle relaxant administration. After standardization 
and correction for multicollinearity, the coefficients 
of the polynomial functions of both groups were then 
compared by multivariate analysis of variance 
(MANOVA) and ANOVA. 


Results 


The two groups of experimental animals did not 
differ significantly (P > 0.05) with respect to their 
weight (succinylcholine: 3.0 + 0.34 kg, n = 6; vecu- 
ronium: 3.3 + 0.86 kg, n = 6, mean + sp). 

A considerable variation of baseline mouth open- 
ing was present with a range of 32-40 mm in the 
animals receiving succinylcholine and a range of 28- 
33 mm in those receiving vecuronium (Table 1). Initial 
active jaw closing with the mandibular premolars 
impinging onto the endotracheal tube was observed 
in all animals receiving succinylcholine, but in none 
of the animals receiving vecuronium. This initial jaw 
closing began during the development of neuromus- 
cular blockade and the period of fasciculations. 

The one-populationrm-ANOVA demonstrated vec- 
uronium administration to be associated with a small, 
but significant increase in mouth opening at 10, 20, 
and 30 min compared with baseline values (Table 1). 
Significant mouth opening reductions were demon- 


strated in the animals receiving succinylcholine dur- 
ing complete suppression of the an-erior tibialis mus- 
cle twitch after completion of fasciculations (1 min), 
during recovery (10 min), and after full recovery to 
control twitch height (20 and 3G min) (Table 1). 
Between-group comparison of the absolute mouth 
opening values at these times demonstrated signifi- 
cant differences only during the first 10 min of the 
experiment. However, the betw2en-group differ- 
ences of normalized mouth opening were significant 
at these four times following relaxant administration 
(Table 1). 

The changes in mean normalized mouth opening 
are depicted in Figure 1 for both muscle relaxant 
groups. Mouth opening following muscle relaxant 
administration was described by a third order poly- 
nomial function. The polynomial functions for the 
group receiving succinylcholine differed significantly 
from those describing mouth opening in animals 
receiving vecuronium (Table 2). 

Limb and abdominal muscles were flaccid during 
anterior tibialis twitch-ablation, which was obtained 
in all cats. The mean time to complete suppression of 
the neurally-evoked anterior tibialis muscle response 
was 21.4 + 8.4 sec (mean + sp) in the group receiving 
succinylcholine and 124.0 + 52.5 sec (mean + sp) in 
the animals receiving vecuronium. All animals receiv- 
ing succinylcholine exhibited fasciculations; the sec- 
ond mouth opening measurement (at 30 sec) was 
taken after cessation of fasciculations and after loss of 
the evoked twitch except in one animal that lost its 
twitch at 34 sec. The mean time to the return of the 
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Figure 1. Mean feline mouth opening after intravenous succinyl- 
choline (0.3 mg-kg~') or vecuronium (0.1 mg-kg~*) administration 
during general anesthesia with halothane (2.5% end-tidal level). 
The ordinate represents the normalized mouth opening, which 
was obtained by expressing each opening relative to its baseline. 
The abscissa presents time in sec. Standard error bars are provided 
for the mean values of each group. The mean time to complete 
suppression of the neurally-evoked anterior tibialis twitch (T), to 
return of the first twitch (T,) and to full recoverv of ‘control twitch 
height (T3) are given. Opening measurements were started in five 
out of six cats receiving succinylcholine after cessation of fascicu- 
lations and during complete suppression of the evoked twitch. 


first twitch was 513 + 112 sec and to full recovery of 
control twitch height 1016 + 92 sec (mean + sp) in the 
animals receiving succinylcholine. The first twitch of 
the vecuronium group returned in 1547 + 512 sec. 
Vital signs and end-tidal carbon dioxide levels re- 
mained stable throughout the experiments, whereas 
radiant heating was intermittently required in all 
animals to avoid hypothermia. 


Discussion 


In this study, a paralyzing dose of the depolarizing 
muscle relaxant, succinylcholine, administered to the 
cat during halothane anesthesia was followed by jaw 
closure. After fasciculations and during complete 
inhibition of neuromuscular transmission, an in- 
crease rather than a decrease in resistance to mouth 
opening was demonstrated in all animals. It resulted 
in a reduced, rather than an increased, mouth open- 
ing, which outlasted the duration of succinylcholine’s 
inhibition of neuromuscular transmission in the cat's 
limb muscle. Administration of the nondepolarizing 
relaxant, vecuronium, was followed by a reduced 
resistance to mouth opening and resulted in an 
increased mouth opening. Mean mouth opening at 
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baseline in cats receiving vecuronium was smaller 
than that observed in the group of cats receiving 
succinylcholine. The reason for this difference is 
unknown. 

During halothane anesthesia in children, adminis- 
tration of succinylcholine (1-2 mg-kg~', IV) led to an 
increased resistance to mouth opening (1). A smaller 
rather than a larger mouth opening resulted in all 
subjects following the loss of the neurally-evoked 
adductor pollicis twitch. Vecuronium (0.1 mg-kg™’, 
IV) administration was not followed by mouth open- 
ing reductions (1). During enflurane anesthesia in 
children, administration of succinylcholine (1.5 
mg-kg~', IV), unlike vecuronium (0.1 mg-kg~’, IV), 
was also fcllowed by an increased resistance to 
mouth opening (2). This increased resistance oc- 
curred during limb and abdominal muscle flaccidity, 
during complete suppression of the indirectly evoked 
twitch of the adductor pollicis muscle, and after 
cessation of fasciculations and spontaneous respira- 
tion (2). In a number of subjects, the increased 
resistance persisted beyond the return of the indi- 
rectly evoked adductor pollicis twitch (2). Therefore, 
the timing of the increased resistance found after 
succinylcholine administration in the cat appears 
similar to that observed in these human studies. 

In a recent study by Leary and Ellis (7), jaw closing 
forces have been recorded in humans after the intra- 
venous administration of succinylcholine. After in- 
duction of general anesthesia with thiopental (4-6 
mg-ke~', IV), a bite plate-like device, placed between 
the central incisors of human adults, permitted con- 
tinuous recording of bite forces developed. Within 
the first min after administration of succinylcholine, 
jaw closing forces of up to 2.4 kgf were recorded, 
whereas muscle fasciculations and loss of the neu- 
rally evoked twitch of the adductor pollicis muscle 
occurred at the same time. This human jaw closing 
action may be analogous to the jaw closing and 
impingement of the tracheal tube observed in the cat 
after succinylcholine administration. 

Relaxant doses of succinylcholine and vecuronium 
were chosen to be approximately equipotent in the 
cat and to induce flaccidity of the limb muscles with 
complete inhibition of neuromuscular transmission. 
This choice of relaxant dosage is analogous to their 
use in humans and to that of the previously men- 
tioned human studies (1,2). The dose of succinylcho- 
line administered to the cat to induce flaccidity for a 
few (5-10) min is lower than that ordinarily used in 
humans, because feline plasma cholinesterase is less 
efficient in hydrolyzing succinylcholine than human 
plasma cholinesterase. We conclude that the cat war- 
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Table 2. Comparison of the Polynomial Functions Describing Mouth Opening Changes Over Time after Intravenous 
Vecuronium or Succinylcholine Administration during Halothane Anesthesia in the Cat 


Relaxant n Constant Coefficient 1 Coefficient 2 Coefficient 3 
Succinylcholine 0.3 6 16.5 = 4.9 0.035 + 0.01 —3.42E-5 + 9.83E-6 1.05E-8 + 3.016E-9 
mg-kg™? 
Vecuronium 0.1 mg-kg™! 6 31.8 = 2.5 0.001 + 0.004 ~6.83E-7 + 5.17E-6 1.181E-10 + 1.74E-9 
ANOVA F = 39.5 F = 53.2 F = 47.9 F = 46.8 
P < 0.0004* P < 0.0002* P < 0.0002* P < 0.0002* 


The coefficients of the third order polynomial functicns fitted to the values for mouth opening in each experimental animal. The standardized coefficients 
of the two relaxant groups were compared by MANOVA {F = 15.8; P < 0.001) and ANOVA (*Bonferroni corrected). Values are expressed as mean + sp. 


rants further evaluation as a model for studying the 
responses of human jaw muscle to succinylcholine. 
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Poststernotomy Neuralgia: A New Pain Syndrome 


Ray J. Defalque, mp, and Joel J. Bromley, MD 


DEFALQUE RJ, BROMLEY JJ. Poststernctomy neuralgia: a 
new pain syndrome. Anesth Analg 1989;69:81-2. 


Fifty-four patients developed severe intercostal neuralgia a 
few weeks after sternotomy. Immediate relief afforded by 
parasternal nerve blocks confirmed that the pain derived 
from scar-entrapped neuromas of the anterior rami of the 
first 4-6 intercostal nerves in the upper (and mainly left) 


Two pain syndromes after heart surgery have been 
described in the past decade: the postcardiotomy 
syndrome (1) and brachial plexopathy (2,3). Over the 
past 8 yr, we have seen 80 patients with a different 
pain pattern, which, to our knowledge, has not been 
reported. We present our findings in 54 patients 
whom we were able to observe for at least 6 months. 


Symptomatology 


The 54 patients were 43-71-yr-old men who had 
recently undergone coronary grafting; four had con- 
current aortic valve replacement. Sixty-one percent of 
the grafts came from the left internal mammary 
artery. The pain started between 4 weeks and 4 
months (average 6 weeks) after the operation. The 
patients described a constant, severe, sharp pain 
(“like a stabbing or twisting knife”) with a definite 
burning component at one or both sternal borders. 
The pain radiated to the anterior, lateral, and, in 12 
patients, to the posterior chest wall. Eighteen of the 
34 patients with left sternal pain also complained of 
pain in the left upper arm. All felt that the pain was 
definitely aggravated by chest wall movements 
(cough, deep breathing) and, even more, by arm 
movements. 

_ All patients were referred by cardiologists who 
had ruled out recurrent angina- or a postcardiotomy 
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interchondral spaces after insertion of the sternal wires. 
Permanent relief (i.e., over 6 months) followed repeated 
bupivacaine blocks in 57.4% of the patients, phenol blocks 
in another 22.2%, and alcohol blocks in a remaining 9%. 
Treatment was successful in 87% of the patients. 


Key Words: PAIN—post-sternotomy. SURGERY— 
cardiovascular. 


syndrome after exercise electrocardiography (ECG), 
coronary vasodilators, and, in most cases, computer 
tomographic (CT) scan, scintigraphy, and ventriculo- 
gram. Discrete, exquisitely tender trigger points 
could be elictted in all patients by pressing with a dull 
point at the sternal margin of the upper interchondral 
spaces. The pressure reproduced the pain and its 
radiation. Those trigger points were found 1) at the 
left sternal border in 34 patients: at T2—4 in 27 patients 
and at T2-6 in seven others; 2) at the right sternal 
margin in seven patients; at T2-4 in five patients and 
at T2-6 in two others; 3) at both sternal borders in the 
13 remaining patients: at T2-4 in eight patients and 
T2-6 in two patients. 


Diagnosis 


Each trigger point was located as the tip of a 15.9 mm 
25-gauge needle was felt to enter a hard nodule 
(scar?) and simultaneously produced an intense pain. 
Each point was then injected twice at an interval of a 
few days with 3 mL bupivacaine 0.75% with epineph- 
rine 1:200,0G0. These two blocks caused complete 
pain relief in all patients for at least 8 hr. This result, 
we believed, confirmed our clinical impression of 
chest wall pain. The diagnosis was explained to the 
patient and consent for treatment obtained. 


Treatment 


The treatment was started with bupivacaine blocks (3 
mL bupivacaine 0.75% with epinephrine 1:200,000) 
that were repeated when and if the pain returned. If 
the pain persisted after four bupivacaine blocks, 
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phenol (2-3 mL 6% aqueous phenol) was injected. In 
patients in whom four phenol blocks failed to give 
prolonged relief, alcohol {1.5-2 mL absolute alcohol) 
was injected. 


The treatment was considered a failure if the pain 


returned after the fourth alcohol block. 


Results 


Forty-eight of the 54 patients (87%) were perma- 
nently relieved of pain, (i.e., relief for at least 6 
months) after bupivacaine or neurolytic block: 1) 
Thirty-one patients had permanent relief from two to 
four bupivacaine blocks; 2) Neurolytic injections were 
successful in another 17 patients—twelve patients 
had two to four phenol blocks and five had one 
alcohol block; 3) The blocks failed in seven patients. 
With all neurolytic and with most therapeutic bupiv- 
acaine blocks, IV fentanyl (200-250 ug) was also 
given. 


Complications 


Probing the interchondral space, even with short 
needles, after a sternotomy is not innocuous as lung 
tissue may adhere to the anterior chest wall. Two of 
the 80 patients we treated developed a left pneu- 
mothorax, one severe enough to require a chest tube. 
Those two patients could not be observed for 6 
months and therefore are not included in the 54 
patients discussed here. There were no other compli- 
cations, including alcohol or phenol neuritis. 


Discussion 


The exquisitely tender and hard nodules and the 
immediate and complete pain relief after the bupiva- 
caine injections suggest that the pain these patients 
suffered from was caused by scar-entrapped neuro- 
mas of small terminal rami of the anterior branches of 
the upper intercostal nerves. 

Such neuromas could result from the section (ter- 
minal neuromas) or damage (neuromas-in-conti- 
nuity) of the nerve rami by the sternal wires or the 
needles inserted at the sternal margin of the inter- 
chondral spaces. It is likely that those tight sternal 
wires induced a marked scar reaction. 

Such small scar-entrapped neuromas are ex- 
tremely painful but respond well to the injection of 
small amounts of neurolytics (4). We attribute the 
high success rate of the blocks to the small diameter 
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of the involved nerve rami. Our neurolytics were 
injected at the site of the trigger points and a true 
intercostal block was not performed. Intercostal 
blocks with most neurolytics, in our experience, only 
give short relief and, not uncommonly, a painful 
neuritis. 

It is unclear to us and to our surgical consultants 
why the trigger points mainly occur in the left upper 
interspaces. However, the wires were generally tied 
on the left. That all our patients were men probably 
reflects the considerable preponderance of men un- 
dergoing coronary surgery in cur surgical program at 
the time rather than the propensity of one gender to 
produce painful scar neuromeés. Our other series of 
scar-entrapped neuromas (4) showed an equal ratio 
of patients of both genders. 

Blocking the trigger points, especially with a neu- 
rolytic, is itself very painful. Our patients received no 
analgesic for their diagnostic blocks to avoid confus- 
ing the diagnosis, but incremental IV doses of up to 
200-250 ug fentanyl were used when therapeutic 
blocks were carried out. This procedure produced 
short but intense analgesia without impairing the 
patients’ ability to locate their trigger points. The pain 
caused by a neurolytic (especially phenol) lasts only a 
few minutes. 

Although this syndrome hes not been previously 
reported, poststernotomy parasternal trigger points 
were known to several dolordlogists and surgeons 
with whom we discussed our patients. Some had 
treated them with repeated Supivacaine injections 
with or without steroids. We hope that this article 
will encourage others to report their experience with 
what probably is a common complaint. Its preva- 
lence, the importance of its correct diagnosis, and its 
high rate of relief with simple measures recommend 
it to the physician’s attention. | 


We thank Edward A. Ernst, MD and Judy McDanal, MD for 
helpful comments and suggestions. Part of this work was pre- 
sented at the Second International Symposium of Regional Anes- 
thesia, Williamsburg, VA, May 1988. 
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The humidity outputs of the Bain circuit, a traditional 
non-coaxial Mapleson D system, and a circle system with 
and without a soda lime absorber were evaluated in a 
laboratory model simulating a 70-kg subject. The breathing 
systems were tested with tidal volumes of 0.35 and 0.70 L 
and frequencies of 10-20 breaths/min to maintain an end- 
expiratory CO, of 4.5%. There were small differences in 
inspiratory gas humidity between the Bain and the non- 


Humidification of anesthetic gases has been recom- 
mended for the prevention of pulmonary damage 
and for maintenance of body temperature (1-5). Heat 
moisture exchangers (HME) and cascade hot water 
humidifiers for anesthesia circuits are available. Some 
anesthetic breathing systems, such as the circle ab- 
sorber system and the Mapleson D system, have 
inherent humidifying properties. 

In two different studies (6,7), the Bain circuit, a 
coaxial system of the Mapleson D classification, has 
been found to provide superior inspiratory gas hu- 
midity when compared with that of a circle absorber 
system. However, the introduction of circle systems 
with disposable small absorption canisters has greatly 
improved inspiratory gas humidification (8). 

In the Bain circuit, there is only one source of 
water vapor, the rebreathing of exhaled gas. In the 
circle absorber system, there are two sources of 
water, rebreathing of exhaled gas and release from 
the soda lime. In an exothermic reaction, 2 mol of 
water and 14 kilocalories are liberated for each mole 
of carbon dioxide absorbed. Further, the circle ab- 
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coaxial Mapleson D system. With a fresh gas flow of 5 
Limin in the Bain circutt, the humidity was 9.8-16.5 mg 
H,O/L depending on tidal volume and respiratory fre- 
quency. The humidity output of the circle absorber system 
with fresh gas flows of 0.5 or 2 Limin was 21.6-25.2 mg 
H,O/L at 60 min. Therefore, this study does not support 
previous studies, which propose that the Bain circuit has 
superior humidifying properties compared with those of the 
circle absorber system. 


Key Words: EQUIPMENT, ANESTHESIA CIRCUITS— 
Bain, circle. ANESTHETIC TECHNIQUES—closed 
circuit systems. 


sorber system permits a much lower rate of delivery 
of dry fresh gas. From a theoretical standpoint, one, 
therefore, would expect results other than those of 
the previously mentioned studies. 

The aim of this laboratory investigation was to 
study inspiratory gas humidity of the Bain circuit, a 
traditional non-coaxial Mapleson D system, and a 
circle system with or without a soda lime absorber. 


Methods 


A Bennett cascade humidifier acted as a heat and 
moisture source in a lung model (Figure 1). Expira- 
tory gas temperature in the core of the model was 
kept at 37°C by a separate thermostat. To simulate a 
subject with a weight of about 70 kg, 200 mL of 
carbon dioxide/min was added to the model. Expira- 
tory gas volumes were measured with a Bourns Adult 
Ventilation Monitor LS-80 (Bourns Medical Systems 
Inc., Riverside, CA). At the “mouth” end of the 
model, a mini-circle separated inspiratory and expi- 
ratory gases (8). 

Relative humidity (RH) and temperature of in- 
spired gases were measured with a Vaisala HMI 32 
(Vaisala OY, Helsinki, Finland) every 10 min until a 
steady state was reached. This device has a humidity 
sensor that operates on a capacitive principle. The 
stated system accuracy is +3% RH and +0.3°C. From 
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Figure 1. Lung model. A Bennett 
cascade humidifier (HUM) was 
controlled by a separate thermostat 
(TS) set at 37°C. A volume meter 
(VOL.) measured expired gas vol- 
umes. Inspiratory gas temperature 
(T°) and relative humidity (RH%) 
were measured with a Vaisala HMI 
32 in a mini-cirele. The breathing 
system tested was connected to the 
lung model above the mini-circle. 





the mean inspired RH and temperature values, abso- 
lute humidity was calculated in milligrams of water 
per liter gas. Ambient temperature was measured 
with a Exacon Thermometer MC 8700 (Exacon, Co- 
penhagen, Denmark). Because this temperature was 
relatively constant during the entire investigation, 
23.6 + 1.3°C, no corrections have been made of the 
inspiratory gas temperature values. Air with a rela- 
tive humidity of <5% RH was used in all the exper- 
iments. 

End-expiratory carbon dioxide was measured with 
a Datex Normocap (Datex Instrumentation, Helsinki, 
Finland). This monitor was calibrated before each 
experiment with certified calibration gas containing 
3.0% carbon dioxide (2.99 + 0.06%). 

Four different breathing systems were used: a Bain 
circuit, a traditional non-coaxial Mapleson D system, 
a circle absorber system (Anmedic, Vallentuna, Swe- 
den) with or without a 0.9 L disposable soda lime 
absorption canister. Silicone rubber tubing with a 
length of 1.1 m of each limb was used in the circle 
system experiments. The total volume of the circle 
system with the bellows in the full position was 3.3 L. 

In a first set of experiments, the breathing systems 
were ventilated with a frequency of 10 breaths/min 
with a tidal volume of 0.70 L or a frequency of 20 
breaths/min and a tidal volume of 0.35 L. Fresh gas 
flows of 5, 7, and 10.5 L/min were used for the Bain 
and Mapleson D systems, corresponding to 70, 100, 
and 150 ml-kg-min (9,10) and 0.5, 2, and 5 L/min for 
the circle absorber system. In the circle system with- 
out an absorber, the fresh gas flows were 5 and 7 
L/min. 

In a second experiment series, the breathing sys- 
tems were ventilated with 10 or 20 breaths/min. The 
tidal volumes were adjusted to maintain an end- 
expiratory carbon dioxide concentration of 4.5%. The 
fresh gas flows were the same as those in the first 
experiment series. 


Results 


At 60 min, inspiratory gas absolute humidity was at 
steady state in the Bain, Mapleson D, and circle 
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Table 1. Absolute Inspiratory Gas Humidity (mg H,O/L 
gas) at 60 min With Tidal Volumes of 0.35 and 0.70 L in 
Different Breathing Systems 


Tidal 
Volume (L) 0.35 0.70 
Fresh Gas Absolute Humidity 
Breathing System Flow (L/min) (mg H,O/L) 
Bain 5 9.8 11:5 
7 6.5 6.5 
10.5 4.4 3.6 
Mapleson D 5 7.9 a 9:7 
7 52 7.3 
10.5 4,3 3.2 
Circle without absorber 5 6.8 9.9 
7 4.8 7.1 
Circle with absorber 0.5 24.2 24.6 
2 23.3 23.4 
5 10.6 12.3 


INSPIRATORY GAS HUMIDITY 
ABSOLUTE HUMIDITY, MG H2O-L 
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Figure 2. Inspiratory gas absolute humidity in milligrams of water 
per liter gas as a function of time with a respiratory frequency of 20 
breaths/min and a tidal volume of 0.35 L. Tne fresh gas flows to the 
circle absorber system were 0.5, 2, and 5 L/min and to the Bain 
system 5, 7, and 10.5 L/min. 


system without an absorber. The humidities were 
close to steady state in the circle absorber system. At 
120 min, the absolute humidity values were within 
10% of the values at 60 min. Regardless of breathing 
system tested, the inspired humidity was inversely 
proportional to the fresh gas flow. The inspiratory 
gas humidity of the Bain system tended to be higher 
than that in the non-coaxial Mapleson D system. 
However, the differences were never >2 mg H,O/L. 
With a fresh gas flow of 5 L/min to the Bain system, 
the humidity was about 10 mg H,O/L and 11.5 mg 
H,O/L with tidal volumes of 0.35 and 0.70 L respec- 
tively (Table 1). 

The inspired humidities of the circle absorber sys- 
tem were 10.6, 23.3, and 24.2 mg H,O/L with fresh 
gas flows of 5, 2, and 0.5 L/min, respectively, when a 


™ 
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Table 2. Absolute Inspiratory Gas Humidity (mg H,O/L gas) at 60 min With Tidal Volumes Causing an End-Tidal 


Carbon Dioxide Concentration of 4.5% 


Fresh Gas Tidal 

Flow Volume 

Breathing System (L/min) (L) 

Bain 5 0.70 
7 0.55 
10.5 0.45 
Mapleson D 5 0.70 
7 0.55 
10.5 0.45 
Circle without absorber 5 0.55 
7 0.45 
Circle with absorber 0.5 0.40 
2 0.40 
5 0.40 


tidal volume of 0.35 L was used. Somewhat greater 
humidities were attained with a tidal volume of 0.70 
L. The inspired humidities as a function of time of the 
circle absorber system and the Bain system are shown 
in Figure 2. 

In the second experiment series with equal end- 
tidal CO, at frequencies of 10 and 20 breaths/min, 
there were again small humidity differences between 
the Bain and the non-coaxial Mapleson D systems 
(Table 2). The circle system without an absorber 
required smaller tidal volumes than those of the Bain 
and Mapleson D systems to maintain end-tidal CO, 
at 4.5%, when tested with the same fresh gas flow. 
The inspired humidity in the circle system without 
absorber was a little lower with a maximum 13.7 mg 
H,O/L with a fresh gas flow of 5 L/min and a 
respiratory frequency of 20 breaths/min. The humid- 
ities of the circle absorber system ranged from 11.3 to 
25.2 mg H,O/L depending on fresh gas flow and 
respiratory frequency. 


Discussion 


Both under- and over-humidification may have neg- 
ative effects on pulmonary function. Optimal levels of 
inspired humidification during artificial ventilation 
are probably between 17 and 33 mg H,O/L (1- 
J, 41,12). 

The inspired humidity levels are dependent on 
fresh gas flow in both the circle system and the Bain 
system. The greater the fresh gas flow, the lower the 
humidity. With fresh gas flows of 0.5-5 L/min to the 
circle absorber system, the inspired humidity ranged 
from 10.6 to 25.2 mg H,O/L at 60 min. Corresponding 
humidity range of the Bain system was 3.6-16.5 mg 
H,O/L with fresh gas flows of 5~10.5 L/min. 


20 Breaths/Min 


10 Breaths/Min 


Absolute Tidal Absolute 
Humidity Volume Humidity 
(mg H,O/L) (L) (mg H,O/L) 
16.5 0.75 11.8 
14.3 0.65 9.6 

6.8 0.60 3.6 
18.6 0.75 11.9 
12.4 0.65 6.7 

res | 0.60 ei 
13.7 0.65 11.0 

8.0 0.60 8.1 
24.3 0.55 25.2 
24.3 0.55 21.6 
14.4 0.55 11.3 


The results of this study are in contrast to the 
studies by Rayburn and Watson (7) and Ramanathan 
et al. (6). In the former study, humidities of normo- 
capnic children anesthetized with a Bain system were 
constant between 24 and 26 mg H,O/L after 30 min. 
The circle system with a fresh gas flow of 5 L/min 
gave a humidification of 10 mg H,O/L, whereas a 
closed circle system in adults yielded 13 mg H,O/L at 
30 min to 19 mg H,O/L at 2 hr. The humidity sensor 
was placed in the inspiratory limb of the circle system 
and between the breathing circuit and the endotra- 
cheal tube of the Bain circuit. However, in the latter 
situation, expiratory gas humidity interferes with the 
inspiratory measurements. This result is due to a 
relatively long response time of commonly used 
hygrometers (13). During expiration, warm and sat- 
urated gas condensate on the humidity sensor, re- 
sulting in increased temperature and hysteresis in 
displayed humidity during the subsequent inspira- 
tion. This interference is not a problem in the circle 
system if the humidity sensor is placed in the inspira- 
tory limb. In our study a mini-circle separated in- 
spiratory and expiratory gases, thereby eliminating 
this error and permitting a comparison between the 
Bain and circle absorber system humidities. 

Ramanathan et al. (6) tested humidity output and 
CO, elimination of the Bain circuit in a simulated 
70-kg patient. The initial humidity output of the Bain 
circuit was 14 mg H,O/L with a stabilization at 21 mg 
H,O/L after 70 min of use. They used a fresh gas flow 
of 4.9 L/min. This fresh gas flow used with a minute 
ventilation of 8.4 L/min resulted in a Fico, of 0.024. 
However, to avoid excessive rebreathing with ele- 
vated inspiratory gas carbon dioxide concentration, 
they did “strongly recommend that fresh-gas flow 
always be maintained at 8 L/min to cover all eventu- 
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alities.” They did not present data on humidity levels 
with the recommended fresh gas flow. Most likely, a 
higher fresh gas flow would result in a lower inspira- 
tory gas humidity. In their circle system experiments, 
the humidity output was initially 6 mg H,O/L, pro- 
gressively increasing to 13 mg/L at 80 min. The fresh 
gas flow was 5 L/min. 

The humidity output of the Bain circuit with a 
fresh gas flow of 5 L/min in this study was 9.8-16.5 
mg H,O/L, depending on tidal volume and respira- 
tory frequency. These findings are in agreement with 
a clinical study by Weeks (11), who found wide 
variations in inspiratory gas humidity from the Bain 
circuit. The mean values in Weeks’ study were 12- 
13.5 mg H,O/L when the fresh gas flow was 70 
ml-kg-min or 5 L/min, whichever was greater. 

The coaxial construction of the Mapleson D circuit 
did not greatly improve humidification in the present 
study. Therefore, the temperature counter current 
mechanism is probably of little importance. Some- 
what surprisingly, the circle system without absorber 
was almost as good as a humidifier and even more 
effective in carbon dioxide elimination at equal fresh 
gas flows. 

The circle absorber system permits fresh gas flows 
corresponding to the patient's gas uptake rates, i.e., 
closed circuit anesthesia. However, for safety and 
simplicity, fresh gas flows of 3-5 L/min have been 
used. In the past few years, technical developments 
including oxygen analyzers and more precise flow- 
meters have contributed to a repopularization of low 
flow techniques. 

In conclusion, the present study demonstrated an 
adequate humidification with fresh gas flows of 0.5 
and 2 L/min when a small volume circle system with 
a plastic absorption canister was used. The Bain 
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system did not meet optimal humidification require- 
ments, regardless of fresh gas flow used. 
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The purpose of this study was to develop a reproducible 
model of acute acid aspiration-induced lung injury in the 
rat to explore the pathophysiology of aspiration pneumoni- 
tis. A biphasic injury pattern was observed with injury 
peaks at 1 hr and 4 hr. Histologic studies at 4 hr revealed 


Ever since Simpson (1) discussed the first reported 
anesthetic related death in 1848, aspiration has been 
an ever present concern to the anesthesiologist. It has 
been reported to be the cause of up to 20% of all 
anesthetic-related deaths (2). In patients who aspirate 
gastric contents, the mortality rate averages 30%, and 
it is a leading cause of maternal mortality during 
obstetric anesthesia (3,4). 

Since Mendelson (5) first described the syndrome 
of gastric aspiration followed by acute pneumonitis 
over 40 years ago, several animal models of aspiration 
pneumonitis have been described in the literature. 
None, however, have addressed all of the variables 
necessary for the development of maximal acute 
nonlethal lung injury. The pH and volume of the 
solution aspirated are the major determinants of the 
degree of lung injury associated with aspiration of 
gastric contents (6). Studies have examined the effect 
of single variables, for example, the effect of pH (7-9) 
and volume (10). Yet there are only two studies 
reported that have examined both pH and volume 
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significant increases in neutrophils in the alveolar intersti- 
tial space. These studies suggest that acid aspiration resuits 
in a biphasic acute injury. We hypothesize that the first 
phase results from a direct physiochemical process or is 
mediated via afferent (capsaicin sensitive) nerves or both. 
The second phase, occurring 2-3 hr later, is mediated by 
neutrophils and is consistent with an acute inflammatory 
response. 


Key Words: COMPLICATIONS, ASPIRATION. 
LUNG, ASPIRATION. 


together in the same animal model and their measure 
of injury was death. Most authors agree that a pH of 
<2.5 and a volume of gastric aspirate >20-25 ml in 
the adult are the critical values in the development of 
aspiration pneumonitis (6). Although experimental 
studies on the effect of pH are well documented, they 
are based on lethality and have not quantified the 
injury in the more acidic range. The conclusions 
regarding critical volume are based on limited studies 
done on rhesus monkeys (11). Finally, no studies 
have systematically examined the time course of the 
acute acid aspiration injury. 

To further examine the pathophysiology of aspira- 
tion pneumonitis, first it is necessary to define the 
conditions associated with maximal acute nonlethal 
lung injury. Thus, the purpose of this study was to 
define the conditions of maximal nonlethal lung 
injury associated with acid aspiration in rats. This 
study has for the first time looked at the effect of pH, 
volume, and time as well as providing a morphologic 
evaluation of the acute nonlethal lung injury using an 
animal model with aspiration of clear liquids. Defini- 
tion of the conditions associated with maximal lung 
injury in this syndrome as outlined in “Methods” is 
of value in increasing our understanding of the 
sequence of events that occurs in humans, as well as 
providing clues on the mediation of this type of 
injury. 
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Methods 


The following methods were approved by the Uni- 
versity of Michigan Committee on Use of and Care of 
Animals. 


Animal Model 


Male pathogen-free Long-Evans rats weighing be- 
tween 300 and 350 g were used in these studies 
(Charles River, Portage, MI). The rats were anesthe- 
tized with intraperitoneal ketamine 1 mg/kg of body 
weight. The trachea of each rat was exposed surgi- 
cally and a 16-gauge needle was inserted through 
tracheal cartilage. A catheter was then advanced 
through the needle until it was just above the carina 
and then the experimental solution was injected. The 
hydrochloric acid solution (HCl) was reagent grade 
and the stock solution of acid was diluted to the 
desired pH by the addition of sterile normal saline. 
After instillation of the acid solution (or sterile normal 
saline in control animals} the needle and catheter 
were withdrawn and the tracheostomy incision was 
closed with silk sutures. The animals generally recov- 
ered within 30 min from the effects of the anesthetic 
and operative procedure and were then put into 
individual clean cages with water ad lib for the 
duration of the experiment. At the times described in 
the next paragraph, the animals were sacrificed and 
the intensity of the lung injury was quantitated. 


Quantitation of Lung Injury 


Pulmonary injury was quantitated by permeability 
measurements as well as by morphologic studies. 
Permeability studies were done by measuring the 
leakage of radiolabeled protein ('*’I-albumin) from 
the circulation into the lung. The radiolabeled protein 
was injected intravenously at the same time as the 
acid was instilled into the lungs. The animals were 
sacrificed by an intraperitoneal injection of ketamine 
followed by transection of the vena cava. Exactly 1 ml 
of blood was collected from the inferior vena cava and 
counted for radioactivity. The heart and lungs were 
then removed as a whole and 10 mL of sterile saline 
was infused into the right ventricle to remove blood 
(and radioactivity) from the pulmonary circulation. 
The lungs were then isolated and the radiolabeled 
albumin was counted in a gamma crystal scintillation 
counter. The radioactivity remaining in the lung was 
a measure of vascular permeability and this was 
compared to 1 mL of the same animal’s blood. There- 
fore, each animal functioned as its own control in 
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Table 1. Conditions and Number of Animals Used to 
Generate Permeability Data 


pH No. of Animals 
pH studies 1.5 8 
1.8 5 
Volume = 1.2 mL/kg 2.5 5 
Sacrificed 4 hr after injury 3.0 6 
Saline (contral) 4 

mL/kg No. of Animals 
Volume studies 0.5 5 
1.0 6 
pH = 1.5 1.2 5 
Sacrificed 4 hr after injury 2.0 6 
Saline (control) 4 


Time (hr No. of Animals 


Time studies 1 


pH= 15 3 
Volume = 1.2 mL/kg 4 
6 
15 

Saline (control) 


wm TON & OT A NS) 


terms of total radioactivity injected, and a ratio of 
lung radioactivity to blood radioactivity was calcu- 
lated giving a quantitative measurement of lung 
injury known as the permeability index (PI). Our 
laboratories, as well as others (12,13,14), have had 
considerable experience with this method and have 
found that the degree of chang2 in permeability 
correlates well with the degree of lung injury as 
assessed by histologic criteria. Table 1 summarizes 
the conditions and the number of animals used to 
generate the permeability data. 

Histologic studies were also performed to further 
describe and quantitate the injury. The lungs were 
processed with use of constant pressure glutaralde- 
hyde fixative inflation of the lurgs (25 cm H,O). 
Sections of lung tissue were then processed for trans- 
mission electron microscopy (TEM) and light micros- 
copy with use of routine procedures. TEM generated 
qualitative information, whereas light microscopy 
slides were used to generate quantitative information 
from morphometric analysis. 

Morphometric analysis was also performed in four 
groups of animals: a control group and three experi- 
mental groups with each individual group consisting 
of two-four animals. The experimental groups were 
injured with a solution of HCI at a pH of 1.5 and 
volume equal to 1.2 mL/kg and then sacrificed at 1 hr 
(group 1), 4 hr (group 2), and 15 hr (group 3). Light 
microscopy sections were prepared and at least 40 
high powered fields containing interstitial capillaries 
and alveoli were randomly selected for analysis. The 
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Figure 1. The pH response curve demonstrates changes in lung 
permeability index (PI) related to changes in pH of hydrochloric 
acid aspirate. Maximal nonlethal lung injury occurs at pH 1.5. 
Volume of aspirate was 1.2 mL/kg; animals were killed and PI 
determined 4 hr after intratracheal injection or the test solution. 
Each data point represents at least 5 animals. Statistical significance 
was determined with use of ANOVA and the Scheffe f test. *Values 
significantly different from those of controls (normal saline pH = 
5.3, volume 1.2 mL/kg). 


number of polymorphonuclear cells (PMNs) per high 
powered field (HPF) and the number of intra-alveolar 
red blood cells (RBCs) per HPF were determined. 
To evaluate the statistical significance of the data, 
tests for multiple comparison were used: these were 
analysis of variance (ANOVA) and the Scheffe f test. 
Values are expressed as mean + SEM. Statistical 
significance was accepted at the 5% level (P < 0.05). 


Results 
Effect of pH 


As illustrated in Figure 1, at a pH of 1.5, there was a 
significant increase in lung permeability as compared 
with controls (pH 5.3) (0.97 + 0.24 vs 0.17 + 0.43). At 
lower pH values, the instillation of the acid solutions 
was lethal, whereas at higher pH values the degree of 
lung injury decreased. At a pH of 1.8, the PI was 
significantly greater than that of the negative controls 
(0.50 + 0.16 vs 0.17 + 0.43). At a pH of =2.5, the 
degree of lung injury tended to plateau at levels 
around twofold greater than those of control animals. 


Effect of Volume 


The results of the volume studies are shown in Figure 
2. At a volume of 0.5 mL/kg, the mean PI was 0.40 + 
0.09; when the volume of the aspirate increased to 1.2 
mL/kg the lung injury was increased significantly, 
almost twofold (PI of 0.80 + 0.34; P < 0.05). This 
linear relationship was lost at higher volumes, there 
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Figure 2. Volume response curve represents changes in lung 
permeability index (PI) related to changes in volume of aspirated 
acid. pH of the solution was 1.5; animals were killed and PI 
determined 4 hr after intratracheal injection of test solution. 
Maximal nonlethal lung injury occurred at volume of 1.2 mL/kg. 
Each data point represents at least 5 animals. Statistical significance 
was determined with use of ANOVA and the Scheffe f test. *Values 
significantly different from those of controls (normal saline pH = 
5.3 volume 1.2 mL/kg). 


being no significant increase in the degree of injury 
observed with volumes >1.2 mL/kg. At 2 mL/kg, the 
degree of lung injury was about the same as that seen 
when 1.2 mL/kg was used (0.79 + 0.23). 


Time Course of the Lung Injury 


There was an initial early peak of injury 60 min after 
acid aspiration, with mean PI values of 0.47 + .09 vs 
0.17 + 0.04 for control animals, (P < 0.05) (Figure 3). 
The PI values at 2 and 3 hr were nearly the same as 
those at 1 hr. Four hours after the instillation of the 
acid, however, the PI values increased significantly to 
0.97 + 0.24. The degree of injury remained high at 
6 hr with mean values of 0.93 + 0.27. By 15 hr, 
however, the injury appeared to be diminishing with 
a mean PI value that had decreased to 0.21 + 0.07, 
not statistically different from the control values. 


Morphology 


The composite photograph in Figure 4A represents a 
lung section from a control rat (normal saline aspi- 
rate). Alveoli are clear and blood vessels are free of 
damage. By comparison, the other pictures represent 
sections taken from injured animals (pH 1.5, volume 
1.2 mL/kg, 4 hr after injury). Figure 4B shows intra- 
alveolar RBCs and endothelial cell damage as evi- 
denced by elevated basement membrane. Photomi- 
crographs 4C and 4D illustrate an acute inflammatory 
response with recruitment of neutrophils and the 
formation of fibrin. 
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Figure 3. Time response curve represents changes in lung perme- 
ability index (PI) over time after intratracheal lung injection of 1.2 
mL pH 1.5 solution. Initial injury measured after 1 hr demon- 
strated PI doubling when compared with control (normal saline pH 
= 5.3, volume = 1.2 mL/kg). By 4 hr, injury peaked. Volume of 
aspirate was 1.2 mL/kg; the pH of hydrochloric acid was 1.5. Each 
data point represents at least 5 animals. Statistical significance was 
determined with use of ANOVA and Scheffe f test. *Values 
significantly different from those of controls. 





various solutions. A shows absence of injury to Jungs of control 
animals given pH 5.3, 1.2 mL/kg of normal saline (transmission 
electron microscopy [TEM] x 2811). B-D represent appearances of 
lung injured by the instillation of pH 1.5, 1.2 ml hydrochloric acid. 
In B, there are neutrophils in alveolar capillaries, damage to 
alveolar endothelial cells, and edema with intra-alveolar hemor- 
rhage (TEM x 2824). D shows areas of intense acute injury with 
destruction of alveolar capillary walls and necrosis of lung paren- 
chymal cells; many neutrophils are also present along with fibrin 
deposition and erythrocytes (TEM x 7419). 


We examined the lung interstitial capillary and 
alveolar compartments and quantitated the number 
of neutrophils per high powered field and the num- 
ber of intra-alveolar erythrocytes per high powered 
field; (Table 2). At 1 hr there was no significant 
change from control value for PMNs/HPF or intra- 
alveolar RBCs. By 4 hr there was a marked influx of 
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Table 2. Morphometric Analysis of Acid 
Aspiration-Induced Lung Injury After Intratracheal 
Instillation of Hydrochloric Acid* vs Normal 

Saline Controls 


No. of Intra-alveolar 
Time sections Neutrophis/HPE$ Erythrocytes/HPF 
Saline controls 50 4.44 + 0.53 10.58 + 1.33 
1 hr 40 3.95 + 0.62 15.23 + 2.71 
4 hr 65 7.1 + 0.76t 32.82 + 4.04+ 
15 hr 100 5.18 + 0.35 15.39 + 1.44 


*pH 1.5; volume 1.2 mL/kg. 
tP < 0.05 compared with control by ANOVA (Scheffe f test corrected). 
HPF = high powered field. 


inflammatory cells with the numter of PMNs/HPF 
almost doubling. The number of intra-alveolar eryth- 
rocytes follows the same pattern with a doubling of 
the number of erythrocytes in the alveolar compart- 
ments (control 10.58 + 0.33; 1 hr 15.23 + 2.71 and 4 hr 
32.82 + 4.04). By 15 hr, when the permeability 
measurements had returned to baseline, both the 
number of PMNs/HPE and intra-alveolar erythrocytes 
had aiso returned to control values (15 hr PMNs 5.18 
+ 0.35 and intra-alveolar erythrocytes 15.39 + 1.44). 


Discussion 


To further understand the pathophysiology of acid 
aspiration and investigate possible therapeutic inter- 
ventions, it is first important to develop and charac- 
terize an animal model in which to examine patho- 
physiological processes, Furthermore, by defining 
the conditions (pH, volume, and time course) for 
maximal lung injury, one can reduce the variability 
inherent in this model. Under the conditions of the 
present study, maximal nonlethal injury occurred 
after aspiration when the pH of the aspirate was 1.5, 
the volume was 1.2 mL/kg, and 4 hr had elapsed 
since instillation of acid. With this information, one 
can begin to design experiments using interventions 
to determine conditions under which the degree of 
injury is lessened due to the intervention and not due 
to variability inherent in the model itself. For exam- 
ple, if one chose to design an experiment with this 
model using a pH of 1.65 (given the accuracy range of 
a pH meter), one might see large ditferences in injury 
based on small, unavoidable differences in the pH 
solution rather than on the specific intervention. 
Also, if the animals were killed at 3 hr instead of 4 hr, 
one might see a large variance based on the fact that 
at that time lung permeability is changing rapidly and 
the amount of injury may reflect zhe timing of the 
sacrifice, rather than that of the intervention. There- 
fore, with the knowledge we have bf this model, we 
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can now more accurately investigate mediators of 
pulmonary injury after gastric aspiration. 

This series of experiments also further defines the 
relationship of pH and volume of aspirate to that of 
the degree of injury, as well as the chronology of the 
acute injury and our data are consistent with those of 
the study reported by James et al. (15). In their 
experimental design, the end point was death. They 
showed that the critical determinant of death after 
clear liquid aspiration was the pH of the solution. 
Their data suggest that in using volumes of aspirate 
<4 ml/kg, the critical pH is between 1.4 and 1.8. This 
range is consistent with our study. The pH response 
curve that we generated showed a significant in- 
crease in injury with a pH <1.8; with higher pH 
values the injury curve flattened out and approached 
control. However, it must be pointed out that at a pH 
of 2.5 the PI was still twice that of controls. In 
addition, with volumes of aspirate <1.2 mL/kg (at pH 
1.5), there was a linear relationship between injury 
(PI) and volume of aspirate, but volumes >1.2 mL/kg 
did not cause greater injury. Therefore, we conclude 
(as did James and colleagues [15]) that the pH of the 
clear liquid solution aspirated is a more important 
determinant of lung injury than is volume. 

Several studies (16,17) have demonstrated the as- 
sociation of gastric aspiration and the subsequent 
development of the adult respiratory distress syn- 
drome (ARDS). Furthermore, there is evidence (18) 
that suggests that neutrophils are important media- 
tors in the development of ARDS. Other investigators 
(19-20) have presented histologic evidence suggest- 
ing that the development of lung injury secondary to 
aspiration of HCl is mediated via inflammatory cells. 
As is demonstrated in our morphologic data, neutro- 
phils, the key effector cells in acute inflammatory 
response, are present in significantly increased num- 
bers in the test animals. In summary, the lung injury 
that develops in this model is at least partially medi- 
ated by neutrophils. 

Furthermore, our data demonstrate that acid aspi- 
ration causes a biphasic injury pattern that has at 
least two different mechanisms of injury, as revealed 
in the histologic studies and the capillary permeabil- 
ity data. The histologic studies showed no significant 
change in the number of neutrophils at 1 hr despite 
evidence of marked capillary leakage. However, by 
4 hr there is almost a doubling of the number of 
neutrophils in the lung and a similar additional 
increase in the capillary leakage (PI). We hypothesize 
that the initial increase in capillary permeability is 
analogous to a direct chemical burn or secondary to 
afferent (capsaicin sensitive) nerves (21). The second 
phase of the injury is an acute inflammatory response 
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that reaches maximal levels 4 hr after acid aspiration. 
Clinically, this result suggests that there is a 2-3 hr 
window in which therapeutic manipulations of neu- 
trophils and neutrophil function might be useful. 
Treatment during this time may decrease the morbid- 
ity and mortality associated with aspiration pneumo- 
nitis. 

In summary, we have developed an animal model 
of aspiration pneumonitis in which we can measure 
nonlethal lung injury on a continuous scale. We have 
confirmed the importance of the pH of the aspirated 
solution as the critical determinant of the amount of 
injury. Our data suggest a biphasic injury pattern in 
acid aspiration pneumonitis mediated by different 
pathways. The initial mediators of this injury may be 
by afferent (capsaicin sensitive) (21) nerves, and this - 
warrants further investigation. The second phase of 
the acute acid aspiration-induced injury is mediated, 
at least partially, by neutrophils and histologically 
mimics models of ARDS. Manipulations of possible 
mediators of this pathway of injury by such things as 
neutrophil and complement depletion warrant addi- 
tional study and may add further insights into the 
pathophysiology of aspiration pneumonitis and pos- 
sibly ARDS in general. 


We would like to give special thanks to Bradley Nelson, BS, for 
expert assistance in preparing the histology sections. 
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Comparison of Tracheal Intubating Conditions and Neuromuscular 
Blocking Profiles after Intubating Doses of Mivacurium Chloride or 
Succinylcholine in Surgical Outpatients 


M. E. Goldberg, Mp, G. E. Larijani, PharmD, 5. S. Azad, Mp, M. Sosis, MD, PhD, 
J. L. Seltzer, mp, J. Ascher, mp,” and J. N. Weakly, PhD* 


GOLDBERG ME, LARIJANI GE, AZAD S5, SOSIS M, 
SELTZER JL, ASCHER J, WEAKLY JN. Comparison of 
tracheal intubating conditions and neuromuscular blocking 
profiles after intubating doses of mivacurium chloride or 
succinylcholine in surgical outpatients. Anesth Analg 
1989;69:93-9. 


Thirty ASA physical status I or H outpatients scheduled to 
undergo short procedures (<1 hr in duration) requiring 
tracheal intubation received either 1.0 mg/kg succinylcho- 
line or 0.20 mg/kg (2.5 X EDgs) or 0.25 mg/kg (3 X EDgs) 
mivacurium. A N,O/O,/narcotic anesthetic technique was 
utilized and the ulnar nerve was stimulated with subcuta- 
neous electrodes placed at the wrist. Tracheal intubation 
was attempted in all patients either 2 min after mivacurium 
or 1 min after succinylcholine. Intubation conditions were 
not different between the succinylcholine and mivacurium 
groups or between the two mivacurium groups. The onset 
and duration of neuromuscular blockade were shorter with 
succinylcholine than with mivacurium. Suppression of the 
T, response to 90% of baseline occurred in 0.9 min with 1.0 
mg/kg succinylcholine and at 2.2 and 1.5 min respectively, 
with 0.20 mglkz and 0.25 mg/kg mivacurium. Initial 
recovery of the T, response occurred at 6.4 min after 1.0 


Mivacurium chloride is a new benzylisoquinolinium 
nondepolarizing neuromuscular blocking agent with 
a relatively rapid onset, but short duration of action 
(1-5). Initial studies (6-10) showed that the duration 
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mg/kg succinylcholine and 12.7 and 13.6 min respectively 
after 0.20 mg/kg and 0.25 mg/kg mivacurium. Subsequent 
to initial recovery from the intubating dose of relaxant, 
infusions of mivacurium or succinylcholine were adminis- 
tered to maintain approximately 95% block. The mean 
infusion rates were 6.6 ug-kg-*-min™? mivacurium and 
41.2 gkg 1min’ for succinylcholine. Spontaneous re- 
covery from neuromuscular blockade occurred more quickly 
after succinylcholine than after mivacurium: the time from 
cessation of infusion to recovery of T; to 95% of baseline 
was 6.5 min in patients given succinylcholine and 16.7 min 
in patients given mivacurium. When reversal was in order, 
residual mivacurium-induced blockade was readily antago- 
nized by 0.045 mg/kg neostigmine. In a small group (n = 
7) of patients given mivacurtum in whom neuromuscular 
function was sitll 77-99% blocked when neostigmine was 
given, the average time from administration of neostigmine 
to recovery of T, to 95% of baseline was 7.6 min. There 
were no differences in the duration of recovery room stay for 
patients receiving succinylcholine or mivacurium. 


Key Words: NEUROMUSCULAR RELAXANTS, 
MIVACURIUM—succinylcholine. INTUBATION, 
TRACHEAL. 


of action of mivacurium is approximately 1⁄2 to % that 
of equipotent doses of atracurium or vecuronium and 
twice that of conventional intubating doses of succi- 
nylcholine. There are many clinical situations in 
which the well-known side effects of succinylcholine 
make its use inappropriate or undesirable. Moreover, 
the duration of action of the intermediate-acting 
agents, atracurium and vecuronium, may be too long 
for some short procedures. Therefore, the availability 
of a short-acting nondepolarizing muscle relaxant 
may offer some advantages in the management of 
short surgical cases of the type commonly conducted 
in an outpatient setting. The purpose of this study 
was to evaluate and compare, in a blind fashion, the 
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neuromuscular blocking profile and endotracheal in- 
tubating conditions associated with intubating doses 
of succinylcholine and mivacurium in outpatients 
undergoing brief procedures under N,O/O,/narcotic 
anesthesia. Two different doses of mivacurium, rep- 
resenting approximately 2.5-3 times the EDs neuro- 
muscular blocking dose (1), were selected for study. 
In addition, use of mivacurium or succinylcholine by 
continuous IV infusion for maintenance of block was 
compared. 


Methods 


Thirty ASA physical status I or I patients ranging in 
age from 22 to 63 years were studied after obtaining 
informed consent and institutional review board ap- 
proval. All patients were scheduled for elective out- 
patient procedures requiring tracheal intubation and 
expected to be =1 hr in duration. Anesthesia was 
induced in each patient with thiopental, 4-6 mg/kg 
and fentanyl, 1.0-1.5 pg/kg and maintained with 
additional fentanyl as clinically indicated and 70% 
N,O in O,. Immediately after induction and loss of 
consciousness in the patient, the ulnar nerve was 
stimulated with a Digistem II nerve stimulator 
through subcutaneous electrodes placed at the wrist. 
Stimulation consisted of supramaximal train-of-four 
square wave impulses (0.2 msec duration at 2 Hz for 
2 sec) every 12 sec. The mechanomyographic re- 
sponse of the adductor pollicis muscle was quantified 
with a Grass FT10 force transducer and recorded ona 
Gould polygraph. After establishment of a stable 
baseline twitch response, 20 patients (assigned on a 
random basis) were given 1.0 mg/kg succinylcholine 
or 0.25 mg/kg mivacurium over 10 sec through a 
rapidly running IV catheter. In the second part of the 
study, 0.20 mg/kg of mivacurium was similarly ad- 
ministered to ten patients. Suppression of the T, 
response (first response of the train-of-four) after 
administration of the muscle relaxant was expressed 
as a percentage of the baseline T} response before 
relaxant administration. 

To maintain a normal end-tidal Pco, as measured 
by a Datex 254 (Puritan Bennett Corp.) infrared 
absorption monitor, ventilation was controlled with a 
face mask in place until intubation was accomplished. 
All intubations were attempted 2 min after adminis- 
tration of mivacurium or 1 min after succinylcholine 
and evaluated by an investigator blind to the neuro- 
muscular blocking agent. This evaluation was accom- 
plished by having the investigator immediately out- 
side the room at the start of the case, who then 
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approached and prepared the patient for intubation 
approximately 15 sec before the desired time. Intuba- 
tion conditions were rated as excellent (easy passage 
of the endotracheal tube withou: coughing; vocal 
cords relaxed), good (passage of the tube with slight 
cough; vocal cords relaxed), poor (passage of the tube 
with moderate coughing or bucking; some vocal cord 
movement), or not possible (vccal cords adducted or 
not visualized; jaw not relaxed). 

When the amplitude of T, recovered spontane- 
ously to approximately 5% of baseline, an infusion of 
mivacurium (0.5 mg/mL) or succinylcholine (1 mg/ 
mL) was started with an infusion oump and contin- 
ued until neuromuscular blockade was no longer 
required. The initial infusion rates were 10 
ug-ke~*-min™? for mivacurium and 60 ug-kg`t-min™? 
for succinylcholine and were adjusted in an attempt 
to maintain the level of block at 95 + 4%. The 
steady-state infusion rate for individual patients was 
computed by averaging the infusion rates at 3-min 
intervals, beginning 6 min after the initiation of 
infusion and extending until the end of infusion. At 
the termination of infusion, approximately half of the 
mivacurium patients were allowed to recover spon- 
taneously from neuromuscular block, and neuromus- 
cular blockade in the other half was reversed with 
0.045 mg/kg neostigmine and 0.02 mg/kg atropine. 
Stimulation was continued until T, reached at least 
90% of baseline levels. 

The times from administration of mivacurium or 
succinyicholine to 90% block, to maximum block, to 
start of recovery, and to 5% recovery of T, were 
recorded. The percent recovery at the termination of 
infusion and the times to 25%, 50%, 75%, 90%, and 
95% recovery were also recorded, both in patients 
who recovered from neuromuscular blockade spon- 
taneously and in patients given necstigmine. Systolic 
and diastolic blood pressures anc heart rate were 
recorded before and at 2, 4, 6, 8, and 10 min after 
administration of the intubating dcse of mivacurium 
or succinylcholine. Blood pressure was measured by 
oscillometry and heart rate was recorded from a 
Hewlett-Packard oscilloscope. 

Neuromuscular, cardiovascular, and demographic 
data were analyzed and compared with use of the 
Duncan's multiple range test and Kruskal-Wallis one- 
way analysis of variance where appropriate. For 
some analyses (e.g., recovery times after termination 
of infusion), data from the two mivacurium dose 
groups were combined. Differences were considered 
statistically significant at P < 0.05. Unless otherwise 
specified, data are expressed as mean + sD. 


MIVACURIUM AND SUCCINYLCHOLINE COMPARED 
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Table 1. Demographics in Groups of Patients Given Mivacurium (MIV) or Succinylcholine (SDC) 


Recovery Duration of 
Height Weight Age Room Time Procedures 
Group N (cm) (kg) (yr) (min) (min) 
SDC 1.0 mg/kg 10 154 + 8 57 +9 27 + 6 70 + 23 6l + 17 
MIV 0.20 mg/kg 10 160 + 8 63 + 15 S212 74 + 30 69 + 22 
MIV 0.25 mg/kg 10 152 32 68 + 19 28 + 6 67 + 12 68 + 23 
MIV 0.20 mg/kg 
+ MIV 0.25 mg/kg 20 156 + 23 65 + 17 30 + 10 70 + 22 68 + 22 


Table 2. Time to Onset of Neuromuscular Blockade and Scores of Intubation Conditions in Patients Given 





Succinylcholine (SDC) or Mivacurium (MIV) 


Group TT90%* Excellent 
SDC 1.0 mg/kg 0.9 + 0.4 8/9 (89%) 
MIV 0.20 mg/kg 2.2 + 0.8} 7/10 (70%) 
MIV 0.25 mg/kg 1.5 + 0.8ł 7/10 (70%) 


*Time to 90% suppression of T1. 
t1 min after SDC; 2 min after MIV. 
Significantly different from SDC group. 


Results 


There were no significant differences among the 
groups of patients given 0.2 mg/kg mivacurium, 0.25 
mg/kg mivacurium, and 1.0 mg/kg succinylcholine 
with respect to height, weight, age, duration of 
surgery, or time in the recovery room (Table 1). There 
were also no demographic differences when data 
from two mivacurium dose groups were pooled and 
compared with data from the succinylcholine group. 

The mean time from injection of muscle relaxant to 
90% suppression of T, was significantly shorter in the 
succinylcholine group (0.9 min) than that in either 
mivacurium group (2.2 and 1.5 min) (Table 2). The 
mean time to 90% suppression of T; was approxi- 
mately 45 sec shorter in patients given 0.25 mg/kg 
mivacurium than that in patients given 0.20 mg/kg 
mivacurium, but this difference was not statistically 
significant. 

Owing to a technical difficulty that delayed the 
intubation attempt beyond the scheduled time, data 
for one succinylcholine patient were excluded from 
evaluation of intubation conditions. Table 2 shows 
that all other patients had their tracheas successfully 
intubated 1 min after 1.0 mg/kg succinylcholine or 2 
min after 0.20 or 0.25 mg/kg mivacurium. Intubation 
conditions were rated as good or excellent in all 
patients. The proportions of patients accorded good 
or excellent scores were not different between the 
succinylcholine and mivacurium groups or between 
the two mivacurium groups. 


Intubation Score at First Attemptt (Number of Patients) 


Not 
Good Poor Possible 
1/10 (11%) 0 0 
3/10 (30%) 0 0 
3/10 (30%) 0 0 


Table 3. Duration fo Neuromuscular Blockade after 
Intubating Doses of Succinylcholine (SDC) or 
Mivacurium (MIV) 





Degree of Duration of 
Maximum Block” 
Group N Block (%) (min) 
SDC 1.0 mg/kg 10 100 6.4 + 1.4 
MIV 0.20 mg/kg 10 100 12.7 + 3.9t 
MIV 0.25 mg/kg 10 99.7 &0.8 13.6 + 3.8t 


*Time from injection to reappearance of first visible twitch response. 
tSignificantly different from SDC group. 


Twenty-nine of the 30 patients studied had com- 
plete (100%) suppression of T, after the initial intu- 
bating doses of succinylcholine or mivacurium (Table 
3). One patient who received 0.25 mg/kg mivacurium 
developed 97% block. The duration of block, as 
evidenced by the time from administration of the 
intubating dose to the beginning of recovery of T}, 
was significantly shorter in the succinylcholine group 
(6.4 min) than that in either of the mivacurium 
groups (12.7 and 13.6 min). 

After initial recovery of T, after the intubating dose 
of relaxant, all patients received the same relaxants 
used for intubation, either succinylcholine or miva- 
curium, by continuous IV infusion to maintain block 
for the remainder of the procedure. 

The duration of infusion ranged from 9 to 51 min 
in the succinylcholine patients and from 3 to 57 min 
in the patients given mivacurium (Table 4). On aver- 
age, the initial infusion rates (60 wg-kg~'-min~! for 
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Table 4. Infusion Requirements with Succinylcholine 
(SDC) and Mivacurium (MIV) 


Percent Block Duration of Mean Infusion 


at Initiation Infusion Rate 
Group N of Infusion (min) (ug-kg~'-min7') 
SDC 10 86.3 + 10.4 26.1 + 12.9 41.2 + 14.2 
range 9-54 range 22.5-60 
MIV 20 95,7 = 2.8 20.3 £ 13.8 6.6 4.3.1" 
range 3-57 range 1.4-15 
*N = 19. 
100 100 
e Oaa TORRE SARGE - LIAIS. Stith LEETE: SOE SERT $: 
90 fg s ? “$90 


infusion Rate (ug/kg/ min} 
& 3 
Sen 
A 
è 8 
(queued) 49019 





30 o—o SDC 30 
20 4—a MNV 20 
0 3 6 9 12 15 18 21 24 27 30 

Time (min) 


Figure 1. Mean infusion rates and degree (%) neuromuscular 
block in patients given succinylcholine or mivacurium. Mean + 
SEM. 


succinylcholine and 10 ywg-ke~*-min~’ for mivacu- 
rium) were adjusted downward over the first few 
minutes after the start of infusion but became nearly 
constant thereafter (Figure 1). The mean infusion 
rates required to maintain approximately 95% block 
were 6.6 ug-kg`t-min™! for mivacurium and 41.2 
ug-kg™*-min~' for succinylcholine (Table 4). Al- 
though the infusion rate for succinylcholine or miva- 
curium in a particular patient was relatively stable, 
once the initial adjustments had been made, the 
infusion requirements varied substantially among 
patients. Individual average infusion rates ranged 
from 1.4 to 15.0 gkg t-min™} for mivacurium and 
from 22.5 to 60 wg-kg™*-min™* for succinylcholine. 

Data on spontaneous recovery after cessation of 
infusion were available in ten succinylcholine and ten 
mivacurium patients (Table 5). Recovery of T, oc- 
curred more quickly with succinylcholine than it did 
with mivacurium. The mean time from termination of 
infusion to 95% recovery of T; was 6.5 min in patients 
given succinylcholine and 16.7 min for patients given 
mivacurium. 

Nine patients given mivacurium had their neuro- 
muscular blockade reversed with 0.045 mg/kg neo- 
stigmine. Of these, seven were reversed from a mean 
recovery of T, of 11.3% (range 1.3-21%). Among 
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these 7 patients, recovery of T, tc 95% of baseline 
levels occurred 7.6 + 5.8 min after the dose of 
neostigmine. None of the patients given mivacurium 
required additional neostigmine. 

There were no significant differences in systolic or 
diastolic pressures between the succinylcholine and 
mivacurium groups before relaxant administration or 
2, 4, 8, or 10 min after administration (Figure 2). Six 
minutes after administration, no ditferences in blood 
pressure were evident between the succinylcholine 
group and the 0.20 mg/kg mivacurium group; how- 
ever, systolic and diastolic pressures were signifi- 
cantly lower in patients given 0.25 mg/kg mivacurium 
than in those given 0.20 mg/kg mivacurium. There 
were no significant differences in heart rate before or 
after relaxant administration between the succinyl- 
choline and mivacurium groups (Figure 3). 

No adverse side effects were encountered in any 
patients. The time spent in the recovery room by 
patients given mivacurium was not significantly dif- 
ferent from that in patients given succinylcholine and 
averaged approximately 70 min in each group. 


Discussion 


Because of its brief duration of action, succinylcholine 
is often employed when neuromuscular blockade is 
required in short inpatient or outpatient surgical 
procedure. The use of succinylcholine, however, is 
associated with a number of well-known disadvan- 
tages that may pose difficulties in patient manage- 
ment or threats to patient safety (11-14)—tachyphy- 
laxis, phase II block, postoperative myalgia, 
bradydysrhythmias, hyperkalemia, and malignant 
hyperthermia. The use of the nondepolarizing 
agents, atracurium and vecuronium., has been advo- 
cated in short surgical proceduzes, but the interme- 
diate duration of action of these relaxants may be too 
long in some instances. In two series of patients 
undergoing short (<30 min) incra-abdominal proce- 
dures in which atracurium or vecuronium were em- 
ployed for intubation, Gyasi et al. (15,16) found no 
neuromuscular response or minimal response to 
train-of-four stimulation at the end of the procedure. 
Reversal of the neuromuscular blockade was at- 
tempted from a deep level of block in all patients, and 
10% of the vecuronium patients and 15% of the 
atracurium patients required repeat doses of reversal 
agent to achieve clinically acceptable levels of recov- 
ery of neuromuscular function. Mivacurium, a non- 
depolarizing agent with relatively short duration of 
action and rapid recovery profile, may provide a 
useful alternative to succinylcholine, atracurium, or 
vecuronium in short cases. 
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Table 5. Spontaneous Recovery after Termination of Infusion of Succinylcholine (SDC) or Mivacurium (MIV) 


% Recovery at 
Termination of 


Group N Infusion 25% 5 

SDC 10 4.3 + 5.4 362 1.7* 

MIV 10 5.4 + 4.9 8.2 + 4.4ł 
*N = 9. 


tSignificantly different from SDC group. 
Percent of baseline twitch response. 


y 
V Intubation SDC 
V Intubation MIV 


140 Systolic 


Blood Pressure (mm Hg) 





Time (min) 


Figure 2. Systolic and diastolic blood pressures before and after 
succinylcholine (SDC) or mivacurium (MIV). Mean + sem. Muscle 
relaxant was administered at time 0. Intubation at 1 min in SDC 
group and 2 min in MIV groups. 
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Figure 3. Heart rates before and after succinylcholine (SDC) or 
mivacurium (MIV). Mean + sem. Muscle relaxant was adminis- 
tered at time 0. Intubation at 1 min in SDC group and 2 min in MIV 
groups, 


Our study of surgical outpatients managed with 
N,O/O./narcotic anesthesia demonstrated that clini- 
cally acceptable intubation conditions were present 2 
min after single bolus doses of 0.20 mg/kg (2.5 x 
EDgs) or 0.25 mg/kg (3 x EDos). Savarese et al. (17) 
also reported good to excellent intubation conditions 
2 min after single bolus doses of 0.25 mg/kg mivacu- 


Minutes between Termination of Infusion and Recovery to 


50%t 75% t 95%t 
4.5 +2.0 5.7 + 2.0 6.5 + 2.8 
11.5 + 4.8t 14.2 + 5.2+ 16.7 + 5.8t 


rium administered to patients during thiopental- 
fentanyl induction. Clinically acceptable intubation 
conditions appear to be achievable within 1 to 1.5 min 
after doses of 0.25 mg/kg or 0.30 mg/kg administered 
in a priming sequence (17,18,19) but not sooner. 
Therefore, we elected to use 2 min as our time to 
intubation after mivacurium. In spite of the apparent 
effectiveness of priming on the onset of action of 
mivacurium, it is likely that succinylcholine will re- 
main the neuromuscular blocking agent of choice for 
rapid-sequence intubation. In elective procedures, 
however, mivacurium may provide a useful nonde- 
polarizing alternative to succinylcholine. 

The duration of complete neuromuscular twitch 
suppression resulting from these intubating doses of 
mivacurium tested in our study was 13 min. This 
duration is about twice that of a conventional intu- 
bating dose of succinylcholine and, based on compar- 
ison with published literature (6-10), about % to % 
that of equipotent doses of atracurium or vecuro- 
nium. The duration of mivacurium action reported in 
the present study is consistent with that of data 
recently published by Savarese et al. (1) and others 
(2-5) under similar anesthetic conditions. 

The short duration of action and rapid spontane- 
ous recovery profile of mivacurium suggest that it 
would be useful as a continuous IV infusion to 
provide stable neuromuscular blockade. Infusion of 
neuromuscular blocking agents has obvious advan- 
tages over intermittent bolus dosing during long 
procedures but may be also applicable in short pro- 
cedures in which only a few additional minutes of 
muscle relaxation are needed after the beginning of 
recovery from an initial intubating dose of relaxant. 
In the present study, neuromuscular block was 
readily maintained with mivacurium infusion. After 
an initial period of adjustment, small changes in 
infusion rate were required, reflecting the ease with 
which block could be controlled. The mean, stable- 
state infusion rate for mivacurium in our study pop- 
ulation was 6.6 pg-kg~’-min™', which is consistent 
with values of 4.4-8.3 wg-ke~!-min™! in abstract form 
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reported by others (2,20,21) for adult patients man- 
aged with N.O/O,/narcotic anesthesia. 

In an individual patient, the rate of mivacurium 
infusion necessary to maintain a stable level of block- 
ade was relatively constant over time. However, 
considerable variation in average infusion rates (1.4— 
15.0 wg-kg~?-min~') was noted among individual 
patients. A similar degree of variation has been 
reported for patients who received atracurium (22-25) 
or vecuronium (26-28) by infusion and underscores 
the need for individualization of dosing and adequate 
monitoring of neuromuscular block. 

Although spontaneous recovery from mivacu- 
rium-induced neuromuscular block was significantly 
slower than that after succinylcholine, historical com- 
parisons indicate that spontaneous recovery after 
mivacurium appears to be considerably faster than 
that after other nondepolarizing agents. The time 
from beginning of recovery to 95% recovery (17 min) 
and the 25-75% recovery index (6 min) observed for 
mivacurium in this study are approximately % of the 
values reported for the intermediate-acting agents 
atracurium and vecuronium (29). 

Reversal of mivacurium-induced block with a sin- 
gle dose of 0.045 mg/kg neostigmine was rapid, even 
from relatively deep levels of block. Patients in whom 
neostigmine was given when there was approxi- 
mately 11% recovery of T} reached 95% recovery of T; 
in a mean time of 7.6 min. None of the mivacurium 
patients required supplemental doses of neostigmine 
to achieve clinically adequate recovery of neuromus- 
cular function. 

A transient decrease in blood pressure in some 
patients, presumably due to endogenous release of 
histamine, has been reported by others (30-31) after 
the doses of mivacurium employed in this study. No 
clinically significant cardiovascular differences were 
noted among patients intubated with succinylcholine 
or with mivacurium in the present study. However, 
the experimental design employed (i.e., placement of 
the endotracheal tube shortly after administration of 
the intubating dose of muscle relaxant) and times at 
which blood pressure was measured did not permit 
detailed comparisons of the cardiovascular effects 
associated with intubating doses of succinylcholine or 
mivacurium. Under the conditions of our study, it is 
likely that any cardiovascular effects of mivacurium 
would have been masked by the cardiovascular 
changes associated with intubation (32). It is possible 
that the difference in blood pressure noted between 
the 0.25 mg/kg mivacurium group and the 0.20 mg/kg 
mivacurium group at 6 min in Figure 2 might be 
related to histamine-induced hypotension that was 
only partly offset by the effects of intubation. The 
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absence of cutaneous flushing and the relatively long 
period of time between administration of the dose 
and the peak blood pressure effects in the 0.25 mg/kg 
mivacurium group, however, argue against this ex- 
planation. 

In their study of outpatients, McPeek et al. (19) 
noted that time spent in the recovery room was 
approximately 40 min longer for patients given suc- 
cinylcholine than for patients given mivacurium. No 
differences in times spent in the recovery room be- 
tween patients given mivacurium and succinylcho- 
line were noted in our study. “The basis for the 
discrepancy between our results and those of McPeek 
et al. (19) remain unclear. Furthermore, our study is 
the first to compare the two medications in a blind 
fashion when utilized at intubating doses in patients 
having brief surgery. 

In conclusion, the results of the present study 
suggest that mivacurium may be a useful adjunct to 
general anesthesia when a nondepolarizing alterna- 
tive to succinylcholine is desired for the management 
of short, elective outpatient procedures. 


We thank Alexander Marr, CRNA, and Jennifer Lessin, RN, 
without whose expert assistance this study would not have been 
possible. 
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Review Article 


Calcium, Calmodulin, and Anesthesiology 


Dennis F. Landers, MD, PhD, Gerald L. Becker, Mp, and K. C. Wong, MD, Php* 


Key Words: [ONS—calcium. 


In the course of their work, anesthesiologists exercise 
substantial control over vital physiological functions 
in their patients. Levels of consciousness and pain, 
myocardial contractility, vascular resistance, alveolar 
ventilation and skeletal muscle relaxation are princi- 
pal concerns of the clinician, who monitors them 
closely and manipulates them as necessary by phar- 
macological or other means. Each of these critical 
processes has long been known to be strongly regu- 
lated by intracellular calcium levels in neural or 
muscular tissue (1-3). This article will review such 
mechanisms of calcium-mediated regulation, empha- 
sizing examples important to anesthesiologists. Par- 
ticular attention will be given to ways in which 
calcium and its principal intracellular receptor/ 
mediator calmodulin (4,5) are known (or surmised) to 
interact with anesthetics, other drugs, and other 
aspects of anesthetic management in the overall con- 
trol of tissue function. 

Before considering further the interplay between 
anesthetic interventions and calcium in tissue regu- 
lation, we must review calcium’s role as a regulator 
under normal physiological conditions. Despite the 
diversity of the tissue/processes just listed, there are 
underlying similarities in the way calcium functions 
(3,4). In all cases, regulation begins with a specific 
extracellular stimulus—electrical or chemical—and 
ends with a specific intracellular response. However, 
the stimulus terminates at the plasma membrane and 
does not react directly with the intracellular compo- 
nent(s) producing the response. Instead, the stimulus 
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causes an increase in cytoplasmic ionized calcium 
concentration, which in turn triggers the response. In 
other words, calcium serves as a so-called “second 
messenger” (3), analogous to cyclic adenosine mono- 
phosphate (cyclic AMP). A seconc messenger acts 
intracellularly to link a specific extracellular stimulus 
(considered the first messenger) to a response specific 
for that cell type. The cyclic AM? system, along with 
the general concept of second messengers in stimu- 
lus-response coupling, was eleganily reviewed for 
anesthesiologists by Maze (6) in 1981. Cyclic AMP has 
been found to mediate the intracellular effects of a 
variety of external chemical signals, mainly hor- 
monal. Comparable evidence now supports the hy- 
pothesis that calcium rather than cyclic AMP fills the 
second messenger role in various other instances of 
stimulus-response coupling. Calcium is recognized as 
the preeminent mediator of rapid responses to elec- 
trical stimulation, typified by neurotransmission and 
cardiac and skeletal muscle contraction (3). However, 
the list of important calcium-dependent processes 
also includes smooth muscle contraction, DNA rep- 
lication and chromosomal movement in mitosis, mo- 
tility in nonmuscle cells, hepatic glycogen mobiliza- 
tion, and certain substrate oxidations supporting 
mitochondrial energy generation (3-5). 

Whereas the intracellular regulatory effects of cy- 
clic AMP are expressed by its binding to and activa- 
tion of a specific protein kinase, the receptor and 
mediator entities for calcium messages are more 
diverse and are still being elucidated (3,4). In recent 
years, a number of proteins have been identified 
having properties compatible with their serving as 
intracellular receptors for calcium and mediators of its 
regulatory effects (Figure 1): they show concentra- 
tion-dependent binding of free calciam over its cyto- 
plasmic concentration range (0.1-1.9 uM), and they 
are found in proximity to calcium-activated enzyme 
systems (5). However, a single protein species, cal- 
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Figure 1. The interaction of calcium with intra- 
cellular proteins. The concentration of Ca** in 
the cytoplasm can increase either through an 
influx from the extracellular space through the 
plasma membrane or by release from intracellu- 
lar stores. Not all of the proteins shown are 
present in all cell types, and in particular, the 
target proteins phosphorylated by the protein 
kinases are often tissue specific. (Reprinted with 
permission from England PJ. Br Med Bull 1986; 
42:375-83). 


Contraction 


modulin, dominates the field of calcium receptor- 
mediators, much as cyclic AMP-dependent protein 
kinase is the common mediator of cyclic AMP mes- 
sages in a wide variety of cell types (7-12). Many 
eucaryotic cells also contain additional calcium- 
binding proteins (summarized in Table 1) (13), but 
these proteins are for the most part quite specialized 
for a particular tissue and function and are, therefore, 
of less general interest than is calmodulin (14-16). 
Calmodulin activates many different enzymes (Table 
2) in so many cell types that virtually every biomed- 
ical discipline concerns itself to some extent with the 
consequences of calmodulin’s action(s). Of particular 
relevance to anesthesiology are the following, each of 
which will be discussed in more detail later in this 
article: Calcium binding to calmodulin (or a homolo- 
gous protein} is a crucial step in activating neuro- 
transmitter release in all types of nerve cells and 
contraction of skeletal, cardiac, and smooth muscle. 
Calmodulin, because it affects enzymes and other 
proteins that are themselves regulators of second 
messenger systems, stands to control neural and 
muscular function on two different levels because 
processes in these tissues are modulated by cyclic 
AMP as well as by calcium. Derangement of intracel- 
lular calcium homeostasis, and perhaps also the op- 
eration of calcium receptor-mediator(s), has been 
implicated in the pathogenesis of malignant hyper- 
thermia. Finally, drugs used by anesthesiologists 
may act directly on calmodulin to alter its calcium- or 
enzyme-binding properties and thereby its regulatory 
ability. 


Distribution of Calmodulin 


Calmodulin has a widespread distribution (17) and 
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Table 1. Intracellular Ca**-Binding Proteins 


Catt 
Binding 
Protein MW Sites Proposed Function 
Calmodulin 16,700 4 Multifunctional 
a-Parvalbumin 11,500 2 Ca2* sink 
B-Parvalbumin 11,500 2 Ca** sink 
Regulatory myosin light 1 Regulation of 
chain contraction 
Essential myosin light 0 
chain 
Skeletal muscle 17,900 4 Regulation of 
troponin C contraction 
Cardiac muscle 3 Regulation of 
troponin C contraction 
Intestinal Ca?*-binding 8,500 2 Unknown 
protein 
Calcineurin B 19,200 4 Protein 
dephosphorylation 
S100 a 10,400 1 Regulation of 
cytoskeleton 
S 100 £ 10,507 1 Regulation of 
cytoskeleton 
Oncomodulin 11,500 2 Unknown 
Rat skin Ca?*-binding 12,000 2 Unknown 
protein 
Tetrahymena 10,000 1 Unknown 
Ca?*-binding protein 
(TCBP 10) 
Brain Ca?*-binding 24,000 1 Unknown 
protein (caligulin) 
Brain Ca?*-binding 18,000 1 Unknown 


protein (CBP-18) 


(Reprinted with permission from Manalan AS, Klee CB. Calmodulin. 
Adv Cyclic Nucleotide Protein Phosphorylation Res 1984;18:227-8.) 


has been purified from many sources including por- 
cine brain (18), bovine brain (19), bovine heart (10), 
bovine adrenal medulla (20), and rat testis (21). The 
richest source of calmodulin is the specialized electric 
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Table 2. Calmodulin-Regulated Enzymes 
Enzyme 


Cyclic nucleotide phosphodiesterase 
Adenylate cyclase 

Guanylate cyclase 

Ca**-ATPase 

Myosin light chain kinase 
Phosphorylase kinase 

Glycogen synthetase kinase 
Ca**-dependent protein kinase 
NAD kinase 


The table lists enzymes with activities that are clearly dependent on 
calmodulin. Although Ca**-dependent protein kinase(s) has been reported 
in numerous tissues, the enzyme has not been characterized vigorously. 
(Reprinted with permission from Cheung WY. Prog Brain Res 1982; 
56:237--53. 


organ of the electric eel, Electrophorus electricus, where 
it composes more than 2% of the total protein (22). 
Calmodulin is apparently ubiquitous in mammalian 
tissues, having been reported in erythrocytes, plate- 
lets, adipocytes, liver, kidney, testis, brain, adrenal, 
thymus, and bone marrow (17). Among mammalian 
tissues, brain and testis have the highest concentra- 
tions of calmodulin. In brain, calmodulin levels are 
highest in the caudate-putamen and frontal cortex 
and lowest in pons and medulla, thus being richer in 
grey matter and poorer in white matter (23). The 
subcellular localization of calmodulin has been stud- 
ied in many different tissue types. Calmodulin is 
found free in the cytoplasm as well as in association 
with membrane and organelles; the proportion of free 
to bound apparently varies with cell type. Studies 
using homogenates of rat cerebral cortex show that 
the distribution of calmodulin between a 100,000 g x 
60 min supernate and pellet is dependent upon the 
concentration of free calcium in the homogenizing 
medium (24). In medium with excess chelating agent 
added to deplete free calcium, 77% of the calmodulin 
was soluble and 22% particulate-associated, whereas 
in medium containing 100 uM calcium, only 58% of 
calmodulin was soluble and 42% was particulate- 
associated. These findings suggest that calmodulin 
undergoes a calcium-dependent association with a 
factor or factors present in the particulate prepara- 
tion, and that the subcellular distribution of calmod- 
ulin will be affected by conditions that prevail during 
in vitro tissue preparation (25). It appears that the 
binding of calmodulin to particular fractions requires 
calcium and occurs at specific sites (26). This binding 
is saturable, reversible, and temperature- and tryp- 
sin-sensitive. Recently, calmodulin was found by use 
of an indirect immunohistochemical fluorescent local- 
ization technique (27) to be generally distributed 
throughout the cytoplasm of interphase proliferating 
cultured cells (27). During mitosis, much of the 
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Figure 2. Amino acid sequence of bovine brain calmodulin. The 
sequence was elucidated by Watterscn et al. (31). The scheme 
depicts the four putative Ca**-binding domains, each consisting of 
a 12-residue loop (gray circles) flanked on each side by an 8-residue 
helix (dark circles) as proposed by Kretsinger (5). The predicted 
Ca? *-binding residues are indicated by -he solid lines in each loop. 

The amino acids are abbreviated: A = alanire; D = aspartic acid; E 
= glutamic acid; F = phenylalanine; G = glycine; H = histidine; I 
= isoleucine; K = lysine; L = leucine; M = methionine; N = 
asparagine; P = proline; Q = glutamine; R = arginine; S = serine; 
T = threonine; V = valine; Y = tyrosine. (Reprinted with permis- 
sion from Cheung WY. Harvey Lect 1$85;79:173-216.) 


calmodulin appeared to associate with the mitotic 
apparatus. Another study using tissue slices of rat 
liver demonstrated that calmodulin is associated with 
cytoplasm, nucleus, plasma membrane, and glyco- 
gen particles (28). Similar distributions were found in 
slices of skeletal muscle and adrenal gland. 


Physicochemical Properties of Calmodulin 
Primary Structure 


Calmodulin molecules from many different tissues 
and species show a striking degree of homology 
(13,29). All consist of a single polypeptide chain of 
148 amino acids representing a molecular weight of 
16,723 daltons (30). One-third of the residues are 
aspartate and glutamate, which furnish carboxyl 
groups to chelate calcium. The primary structure of 
calmodulin, as shown in Figure 2, includes four 
calcium binding domains (31-33). The dissociation 
constant of these sites for calcium is about 107° M, 
within the physiologic conceniration range for the 
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free cation. This property allows calmodulin to re- 
spond to changes in calcium levels over the typical 
intracellular concentration range, which is an essen- 
tial property for calmodulin’s being a calcium recep- 
tor. Calmodulin in the presence of calcium resists 
denaturation when exposed to conditions such as 
boiling, eight molar concentration (8 M) urea, and 
acidic pH that would denature most other proteins 
(30-32). 


Calcium-Induced Conformational Change 


The amino acid composition of calmodulin is notable 
for the absence of cysteine and tryptophan. Proline, 
which usually appears at bends of a polypeptide and 
prevents formation of helical structure, is also absent 
(30). Because there is no cysteine present within the 
calmodulin molecule, there can be no formation of 
disulfide bridges; therefore, the calmodulin molecule 
is highly flexible and easily resumes its original form 
after it has been distorted. This inherent flexibility 
allows calmodulin to effectively communicate the 
calcium signal by undergoing a substantial conforma- 
tional change, which is crucial in enabling target 
proteins to bind to calmodulin (30,32). 

There have been many studies of the divalent 
cation binding properties of calmodulin; one of the 
most detailed studies is that of Wolff et al. (34). They 
found that when binding was measured with calcium 
as the sole source of divalent cation, a total of four 
molecules of calcium bound per molecule of calmod- 
ulin: 3 Ca** at sites with a dissociation constant of 0.2 
aM and 1 Ca** at a site with a dissociation constant of 
1 uM. These and other studies established the exist- 
ence of two classes of binding sites on calmodulin. 
Many different probes have shown substantial con- 
formational changes of calmodulin after binding of 
calcium that are consistent with an increase in helical 
content and a decrease in random coil. Therefore, the 
calmodulin assumes a more compact structure with 
calcium (18,34-36). This shift to a more compact 
structure is likely to be involved in enzymatic activa- 
tion, perhaps by increasing the availability of a hy- 
drophobic region capable of interacting with the 
inactive enzyme to alter its own conformation, 
thereby activating it (19,37,38). 

Many experiments using a calmodulin-phosphodi- 
esterase system have shown that calcium initially 
changes the calmodulin to form a calcium-calmodulin 
complex that is capable of activating the enzyme 
(8,10,19,36,39). This complex then associates with the 
enzyme forming an activated complex, which pre- 
sumably involves a change in enzyme conformation 
as outlined here. 
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n Ca** + (calmodulin) nactive > (Ca**,,-calmodulin*),ctive 


(Ca** calmodulin’). tive We (E) active = 
(Ca**,,-calmodulin*-E*), ive: 


The asterisk indicates a new configuration, and “n” 
indicates the number of bound calcium ions. Kinetic 
analysis has shown that calmodulin assumes its ac- 
tive conformation with three or four bound calcium 
ions. Several interesting speculations can be made 
from this model. It is clear that an increase of calcium 
elicits a change in the calmodulin that serves as a 
signal transmitted to the enzyme to change its activ- 
ity. These reactions are reversible, and the direction 
of the reaction is determined by the intracellular level 
of free calcium, which is known to increase from near 
1077 M to near 107° M when cells are stimulated. It 
has also been suggested that minor increases in 
intracellular free calcium could activate enzymes with 
a high affinity for the calcium-calmodulin complex 
without activating enzymes with lower affinity (33). 


Role of Calmodulin in the Calcium 
Messenger System 


Calcium as a Messenger 


Among the divalent cations, only calcium has been 
shown to serve as a messenger (4,40,41). Although 
calcium is ubiquitous and abundant in all biologic 
systems, the hallmark of its cellular metabolism and 
the basis for its ability to act as a messenger is. the 
tight regulation of the ionized (free) fraction of cyto- 
plasmic total calcium at relatively low levels (1077 M) 
under resting conditions. The free calcium concentra- 
tion in the extracellular fluid is therefore some 1,000 
to 10,000 times higher than the baseline calcium level 
in the cytosol. This gradient is maintained by a low 
natural permeability of the plasma membrane to 
calcium and by at least 2 adenosine triphosphate 
(ATP)-dependent mechanisms in the plasma mem- 
brane by which calcium is continuously pumped out 
of the cell. When the cell is stimulated, transient 
increases in the cytoplasmic calcium concentration 
occur as a result of a rapid increase in the rate of 
plasma membrane calcium influx via one of several 
types of specific calcium channels or an increase in 
the release of calcium from an intracellular organelle 
or both (3). The period of increased calcium within 
the cell is generally brief, because the cation is imme- 
diately subject to removal from the cytoplasm by the 
calcium pumps located in the plasma membrane and 
in the membranes of mitochondria and endoplasmic 
(sarcoplasmic) reticulum (42). 
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Some divalent cations such as barium or strontium 
have an ionic radius appreciably larger than Ca** 
and are virtually inactive in their ability to stimulate 
calmodulin-dependent phosphodiesterase. Magne- 
sium (Meg**) has a considerably smaller ionic radius 
than does Ca**; thus despite its many-fold higher 
concentration than Ca** throughout the cell, Mg** 
also competes ineffectively for Ca** binding sites on 
the calmodulin molecule. Divalent cations such as 
lead (Pb**), cadmium (Cd**), or mercury (Hg**) 
are much closer in size to Ca** and readily substitute 
for calcium (Ca**) in binding to calmodulin. These 
latter ions are not normally present at concentrations 
comparable to Ca** in living systems; however, 
when present at elevated levels as environmental 
pollutants, these ions can cause significant metal 
toxicity after making their way into cells (30,40,41). 


Outline of the Calcium Messenger System 


In contrast to the cyclic AMP system, the “functional 
anatomy” of the calcium messenger system differs 
among the various tissues in which that system 
operates (3,4). The largest differences are between the 
excitable and non-excitable tissues. A major differ- 
ence is in the nature of the activating stimulus: first 
messages are electrical in nerve and in cardiac and 
skeletal muscle, whereas nonexcitable tissues are 
activated by chemical stimuli (3,43). In nerve and 
cardiac muscle, depolarization promotes entry of 
calcium into the cytoplasm via voltage-dependent 
calcium channels in the plasma membrane. In nerve, 
this process generates enough calcium to serve as the 
second messenger for neurotransmitter release. In 
cardiac muscle, the voltage-dependent calcium influx 
is transmitted via the transverse tubules, triggering 
the release of additional, true second messenger 
calcium from sarcoplasmic reticulum (Ca* *-induced 
Ca** release). In skeletal muscle, depolarization of 
the plasma membrane is either transmitted through 
the T-system directly to the sarcoplasmic reticulum, 
which then releases the calcium that activates con- 
traction, or, as in cardiac muscle, there is trigger 
calcium-induced release of Ca** from sarcoplasmic 
reticulum. In skeletal muscle, the voltage-activated 
Ca** channel appears to be preferentially localized 
near the t-tubular region of the sarcolemma, whereas 
Ca** channels in cardiac muscle appear to be distrib- 
uted throughout the sarcolemmal membrane. 

In non-excitable tissues, as with skeletal muscle, 
second messenger calcium appears to be derived 
from internal stores (43). However, in non-excitable 
tissues, intracellular calcium release is triggered by a 
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chemical signal generated by an efector, phospholi- 
pase C, at the cytoplasmic surface of the plasma 
membrane (44). That enzyme cleaves a minor mem- 
brane phospholipid, phosphetidylinositol biphos- 
phate, to form inositol triphosphate plus diacylglyc- 
erol. This step is important because it gives rise to a 
calcium messenger system with two separate “path- 
ways” that can complement each cther in mediating 
calcium-dependent intracellular events (45). 

Because inositol trisphosphate is highly water- 
soluble, it rapidly diffuses through the cytoplasm to 
the endoplasmic reticulum, where it triggers release 
of stored calcium. The resulting rapid and generally 
transient increase in cytoplasmic calcium initiates 
formation of a calcitum-calmodulir. complex, which 
appears to mediate mainly short-term calcium- 
regulated effects, such as neurotransmitter release. 
Most of the enzymes activated by the calcium- 
calmodulin complex are protein kinases, which act on 
one or more specific proteins as substrate(s), phos- 
phorylating specific amino acid side chains (4,13). 
The calcium and cyclic AMP messenger systems are 
similar in that both mediate intracellular responses 
chiefly via activation of protein kinases. However, as 
at other levels of organization. the calcium system 
shows greater complexity: diferent—and in some 
cases multiple—kinase species are activated in dif- 
ferent cell types. A frequent sitvaticn is for kinases of 
both broad and narrow specificity to be activated in 
the same cell type by the same calcium message. In 
liver, for example, the calcitum-calmodulin complex 
activates both a protein kinas or broad substrate 
specificity and also phosphorylase kinase (46). The 
latter phosphorylates only a single substrate, glyco- 
gen phosphorylase, which in turn catalyzes the rate- 
limiting step in the breakdown of glycogen to glu- 
cose. Another complexity of the calcium messenger 
system is that in some cases the intensity of calcium- 
dependent response does not parallel the extent of 
cytoplasmic calcium increase (3). This occurrence is 
especially likely with a sustained response—i.e., one 
lasting more than a few seconds after a single activat- 
ing stimulus. In such situations, the magnitude of the 
calcium message peaks, then dezlines as the cytoplas- 
mic free calcium level returns toward its baseline 
value for that cell type. The continued manifestation 
of a calcium-dependent response in the face of a 
declining value of cytoplasmic calcium is mediated by 
the second “pathway” of the calctum messenger 
system, involving a receptor/activator entity known 
as protein kinase C (47). The diacylglycerol produced 
by phospholipase C, in combination with the second 
messenger calcium released by inositol trisphos- 
phate, activates protein kinase C by increasing its 
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sensitivity to calcium, so that it remains active even 
after cytoplasmic calcium has returned to baseline 
levels (48). 


Biologic Functions of Calmodulin 


Regulation of Cyclic AMP Messenger System 
via Activation of Adenylate Cyclase 
and Phosphodiesterase 


Cyclic nucleotide metabolism in intact brain tissue is 
activated by many external stimuli such as peptides, 
adenosine, biogenic amines, and physical or nonspe- 
cific factors that induce depolarization (49). Extracel- 
lular calcium or adenosine was found to be an abso- 
lute requirement for norepinephrine or histamine- 
stimulated cyclic AMP formation in brain slices (50). 
Other studies have demonstrated that intracellular 
cyclic AMP formation occurs in response to catechol- 
amines and is coupled to calcium metabolism. After 
noting the similarity in the calcium requirement be- 
tween adenylate cyclase and phosphodiesterase, first 
Brostrom et al. (14) and then Cheung et al. (51) 
showed that calmodulin regulated adenylate cyclase. 
The activation of adenylate cyclase and phosphodies- 
terase by calmodulin probably does not occur simul- 
taneously because concurrent activation would be 
wasteful. As illustrated in Figure 3, adenylate cyclase 
is associated with the cell membrane, whereas cal- 
cium dependent phosphodiesterase is located within 
the cytoplasm (52). Stimulation of a cell by humoral 
factors such as biogenic amines, or factors inducing 
depolarization such as electrical impulse lead to an 
influx of calcium ions. As calcium enters the sub- 
membrane region, it activates the synthesizing en- 
zyme (adenylate cyclase); with subsequent further 
diffusion into the cytoplasm, calcium activates the 
hydrolytic enzyme (phosphodiesterase). Alterna- 
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tively, the calcium sensitivities of the two enzymes 
may differ, thereby allowing the sequential activation 
of adenylate cyclase and phosphodiesterase (53). 
During the initial phase of calcium influx, low levels 
of calcium activate adenylate cyclase. As calcium 
continues to increase, it then inhibits adenylate cy- 
clase while it activates phosphodiesterase, thus re- 
turning intracellular cyclic AMP to its steady state 
level. 


Regulation of Calctum Messenger System via 
Activation of Plasma Membrane Calcium Pump 


The calcium active transport system most widely 
present in the plasma membranes of eucaryotic cell 
types is an ATPase commonly referred to as “the 
calcium pump” (54). It typically has a relatively high 
affinity for calcium binding but catalyzes a relatively 
low rate of calcium transport. Its principal role is 
therefore to “fine-tune” the rate of calcium elimina- 
tion from the cytoplasm so as to regulate the free 
calcium level within the narrow limits prescribed for 
that compartment (55). In all cell types, with the 
notable exception of liver, the activity of this calcium 
pump is enhanced by the direct binding of calcium- 
calmodulin complex to one or both of the enzyme’s 
two catalytic subunits (56,57). This regulatory ar- 
rangement endows calmodulin with feedback control 
over the calcium increases that promote calmodulin- 
mediated cellular responses. 


Calmodulin and Troponin C in Muscle Contraction 
and Metabolism 


Physiologists have known since 1947 that there was a 
contractile response following the injection of calcium 
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Figure 4. Schematic diagram of actin and myosin filaments, regu- 
latory proteins, and the organelles that control myocardial ion 
fluxes. Z = Z line of sarcomere; TN = troponin; TM = Tropomy- 
osin; T = transverse tubule; TC = terminal cisternal portion of 
sarcoplasmic reticulum (SR); L = longitudinal portion of SR; SSC = 
subsarcolemmal cisternal portion of SR; 1 = sarcolemmal Ca?*- 
ATPase; 2 = sarcolemmal Na*/Ca** exchange mechanism; 3 = 
sarcolemmal Na*/K* pump; 4 = SR Ca**-ATPase; 5 = myosin 
ATPase; Ina and Iça = inward sodium and calcium currents. 
(Reprinted with permission from Rusy BF. Anesthesiology. 1987; 
67:745-66. 


into a muscle fiber (2). We now know that electrome- 
chanical coupling, a series of events that begins with 
depolarization of the muscle cell membrane and ends 
with the production of force and movement, requires 
release of calcium from the sarcoplasmic reticu- 
lum. Because calcium serves this coupling function in 
all three types of muscle—cardiac, skeletal, and 
smooth—it is not surprising that calcium binding 
proteins have also been identified in these same 
tissues. Calmodulin occurs in all three muscle types, 
whereas troponin C has been identified only in 
skeletal and cardiac muscle. Strong homologies in 
primary structure exist between calmodulin and tro- 
ponin C (30,31), suggesting that these two calcium 
binding proteins had a common evolutionary origin. 
As will be discussed in the next paragraph, in those 
muscle types in which both troponin C and calmod- 
ulin occur, troponin C selectively mediates calcium 
effects on the contractile apparatus, whereas calmod- 
ulin regulates other reactions of metabolism. 

As illustrated in Figure 4, the major contractile 
proteins found in all three kinds of muscle are actin 
and myosin (58). The generation of contractile force 
depends on a cyclic interaction between thick (my- 
osin) and thin (actin) filaments, specifically involving 
the myosin heads, or crossbridges, and individual 
actin myofilaments. In the relaxed state of skeletal 
and cardiac muscle (i.e., in the absence of calcium), a 
regulatory protein called tropomyosin occupies a 
position on the thin filament masking the sites at 
which actin would bind to myosin. A second regula- 
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Figure 5. Diagram of the muscle contractile proteins. The phos- 
phorylated light chains are indicated (P), but the exact location of 
the myosin light chains with respect to the heavy chains is not 
known. Skeletal, cardiac, and smooth muscle contain actin, myo- 
sin, and tropomyosin, but troponin has only been positively 
identified in skeletal and cardiac musde. (Modified and reprinted 
with permission from Adelstein RS. Annu Rev Biochem 1980; 
49:921-56). 


tory protein, troponin, consists of three loosely- 
associated subunits: troponin T (tropomyosin- 
binding), troponin I (inhibitcry), and troponin C 
(calcium-binding). Calcium released from the sarco- 
plasmic reticulum binds to troponin C. The resulting 
calcium-troponin C complex binds to troponin I, 
which frees troponin T to interact with tropomyosin. 
Tropomyosin then rotates away from actin that is able 
to bind to myosin. The binding of actin to myosin 
activates myosin ATPase to start the cycling of cross- 
bridges that permits contracticn to occur (Figure 5). 
While the actin-myosin interaction is not well charac- 
terized in molecular terms, it does result in the 
splitting of MgATP by the myosin ATPase, located in 
the head region of the thick filament. The binding of 
MgATP to the myosin head is associated with a loose 
binding (allowing detachment and reattachment) of 
the crossbridges to actin and the hydrolysis of ATP to 
ADP plus inorganic phosphate (58). This hydrolysis 
of MgATP furnishes the energy for muscle contrac- 
tion. The extent to which contracticn is activated (i.e., 
the amount of force generated) depends on the 
concentration of ionized calcium attained in the myo- 
plasm. 

Contraction that occurs in smooth muscle and in 
some nonmuscle cells is also mediated by calcium, 
albeit in response to a chemical racher than electrical 
stimulus. Also, the calcium message is conveyed not 
through the calcium-troponin C-tropomyosin interac- 
tion as occurs in skeletal muscle, but rather through 
the enzyme myosin light cham kinase on its being 
activated by calcium-calmodulin. Myosin light chain 
kinase catalyzes site-specific phosphorylation of a 
myosin regulatory subunit (the so-called “light 
chain’’—approximately 20,000 daltons) (59). This 
chemical alteration and the ensuing conformational 
change in myosin produce the same end result in 
smooth muscle as does tropomyosin’s conforma- 
tional change in cardiac and skeletal muscle: there is 
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enhanced binding between myosin and actin, activat- 
ing myosin ATPase to generate the energy necessary 
for muscle contraction to occur. In summary, the 
calcium signal for contraction is transduced by tropo- 
nin C + tropomyosin in cardiac and skeletal muscle 
and by calmodulin + myosin light chain kinase in 
smooth muscle and nonmuscle cells. 

In addition to the muscle contraction that occurs 
when calcium is released from the sarcoplasmic retic- 
ulum of skeletal muscle, that same calcium also 
serves to stimulate the breakdown of glycogen to 
make glucose available to support the additional ATP 
production needed for the contractile process. Glyco- 
gen phosphorylase and glycogen synthetase control 
the rates of glycogen degradation and formation, 
respectively. Because phosphorylation activates gly- 
cogen phosphorylase but inhibits glycogen syn- 
thetase, simultaneous calctum-dependent phosphor- 
ylation of the two enzymes greatly enhances the 
overall rate of glucose mobilization. Phosphorylation 
of glycogen phosphorylase to convert it from the 
inactive (or B) form to the active (A) form is catalyzed 
by phosphorylase kinase, which contains calmodulin 
as one of its four different polypeptide subunits and 
is therefore activated by calcium (60). Conversion of 
glycogen synthetase from its active (A) to inactive (B) 
form is also catalyzed by a specific kinase that is 
calcium-calmodulin-dependent (61). Thus, calcium 
increases that activate skeletal muscle contraction 
simultaneously activate glucose mobilization by a 
second mechanism. 

Furthermore, it appears that the regulation of 
phosphorylase kinase in skeletal muscle can also be 
mediated by troponin C as well as by calmodulin, as 
shown in Figure 6. It has been shown that troponin C 
rather than calmodulin is the predominant calcium- 
dependent regulator of phosphorylase kinase when 
the latter is in its inactive/unphosphorylated form. 
The phosphorylation of phosphorylase kinase is cy- 
clic AMP- rather than calcium-dependent and thus is 
not biochemically linked to depolarization-induced 
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myoplasmic calcium increases, so the existence of a 
calcium-dependent activator of unphosphorylated 
phosphorylase kinase helps to ensure an adequate 
degree of coupling between glycogenolysis and con- 
tractile activity in skeletal muscle (60,62). 


Possible Role in Malignant Hyperthermia 


Malignant hyperthermia reactions are associated with 
a sudden increase in the concentration of calcium in 
the muscle cytoplasm. The defect responsible for this 
sudden rise in myoplasmic calcium during a malig- 
nant hyperthermia reaction has not been identified. 
Marjanen et al. (63) investigated the possibility that 
calmodulin may be involved in malignant hyper- 
pyrexia by studying the trifluoperazine-induced inhi- 
bition of calmodulin activation of phosphodiesterase, 
using crude and purified calmodulin preparations 
from control and malignant hyperthermia susceptible 
pigs. They found no abnormality in the pattern of 
either calmodulin activation or trifluoperazine- 
induced inhibition in malignant hyperthermia mus- 
cle. These results have been questioned by Cheah et 
al. (64), who recorded higher than normal levels of 
calmodulin in adult malignant hyperthermia suscep- 
tible Landrace pigs. Cheah et al. (64) hypothesize that 
elevated calmodulin levels may be responsible for the 
elevated phospholipase A, activity that they have 
identified in these pigs. Mitochondria isolated from 
longissimus dorsi muscle of malignant hyperthermia 
susceptible pigs contain significantly higher amounts 
of endogenous calmodulin than do normal mitochon- 
dria (65). Cheah suggests that calmodulin could be 
responsible for the abnormal features of porcine 
malignant hyperthermia susceptible skeletal muscle 
mitochondria because it mediates the calcium depen- 
dent increases in mitochondrial phospholipase A, 
activity. Further studies demonstrated that when 
skeletal muscle mitochondria from normal pigs are 
treated with exogenous calmodulin to elevate the 
calmodulin level to a level equivalent to the endoge- 
nous level of malignant hyperthermia skeletal muscle 
mitochondria, a calcium-induced uncoupling at 40°C 
is observed as it is with malignant hyperthermia 
skeletal muscle mitochondria. This uncoupling is 
prevented by a low concentration (7 nmole/mg mito- 
chondrial protein) of trifluoperazine. It is believed 
that inhibition of the calcium induced uncoupling by 
trifluoperazine is due. to the inhibition of the calmod- 
ulin-dependent phospholipase A, activity (64). Mor- 
phologic studies of porcine and human malignant 
hyperthermia demonstrate large amplitude swelling 
with disrupted cristae in mitochondria of skeletal 
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muscle after halothane and succinylcholine chal- 
lenge. This calcium-induced large amplitude swelling 
from skeletal muscle mitochondria has been attrib- 
uted to an enhanced calmodulin-dependent calcium- 
activated phospholipase A, activity, because the 
swelling is prevented by phospholipase A, inhibitors 
(65). 


Regulation of Neurotransmitter Release 


several lines of evidence support a role for calmodu- 
lin as the predominant receptor for the second mes- 
senger calcium that triggers neurotransmitter release 
from presynaptic neurons (66,67). Calmodulin is 
present in substantial amount in the vicinity of syn- 
aptic vesicles in intact cells, as is a specific calmodu- 
lin-activated protein kinase (type Il) (68,69). The 
selectivity order of divalent cations for binding to 
calmodulin is the same as that for triggering neuro- 
transmitter release in permeabilized or microinjected 
nerve cells, and addition of trifluoperazine inhibits 
neurotransmitter release from preparations of iso- 
lated nerve cell endings (“synaptosomes”) (10,22). 
The binding of calmodulin to isolated synaptic vesi- 
cles containing neurotransmitter is avid and is asso- 
ciated with neurotransmitter release from the vesicles 
(66). Vesicle-associated substrate proteins for the type 
II kinase are actively phosphorylated under the same 
conditions that promote neurotransmitter release, 
and both have been observed with microinjection of 
type II kinase into nerve cell terminals (70). 


Interaction of Drugs with Calmodulin 
Phenothiazines (Antipsychotic Agents) 


Antipsychotic drugs of the phenothiazine type, such 
as chlorpromazine and trifluoperazine, are among 
the many drugs known to perturb calcium-calmodu- 
lin-enzyme interactions (71). As noted earlier, the 
binding of calcium to calmodulin causes a conforma- 
tional change crucial to the ability of calmodulin to 
activate various enzymes. Along with a 5-10% in- 
crease in alpha-helical structure (19,37,38,72), this 
conformational change also exposes hydrophobic 
sites on the calmodulin molecule (18,34-36), Binding 
of phenothiazines occurs at these hydrophobic sites 
and inhibits the interaction of calmodulin with its 
target enzymes. Interactions between phenothiazines 
and calmodulin are much weaker in the absence of 
calcium, supporting the fact that calcium is required 
to expose the hydrophobic sites where phenothi- 
azines bind (37,38). Norman et al. (73) found a linear 
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relationship between the logarithm of the potency 
with which phenothiazines antagonize phosphodies- 
terase activation by calmodulin and the logarithm of 
their octanol-water partition co2ffidents. Thus trifluo- 
perazine, penfluridol, and pimozide, which are 
among the most potent antagonists of calmodulin, 
are also among the most hydrophobic (73,74). Cross- 
linking studies show that phenothiazines bind in a 
middle region of the calmodulin molecule (residues 
38-75) and at two regions near the carboxyl end 
(residues 107-126 and 127-148) (74). Binding of tri- 
fluoperazine alters the nuclear magnetic resonance 
(NMR) spectrum of just a single phenylalanine resi- 
due (75), suggesting little interaction of phenothi- 
azine with the aromatic amino ac-d side chains that 
are important regions of hydrophobicity in many 
other proteins. Thus, whereas hydrophobicity may 
be a major determinant of the anticalmodulin potency 
of phenothiazines, other factors may also play a role, 
e.g., there could also be ionic irteraction between 
positively charged functional zroups on the pheno- 
thiazine ring and negatively ck.arged amino acid side 
chains (76). Phenothiazine-ca-modulin binding can 
generally be reversed by sequestering calcium with 
chelating agent (76), but irreversible inactivation of 
calmodulin can be produced by ultraviolet irradiation 
of certain phenothiazine species while they are 
bound to the protein (77). The hydrophobicity of 
phenothiazines correlates well with their potency for 
calmodulin antagonism but not with their antipsy- 
chotic potencies (73,74). This finding is not surprising 
because phenothiazines are known to be poorly se- 
lective antagonists of calmodulin except in simplified 
in vitro systems. Phenothiazines can produce 
changes in specific neuronal functions, including 
blockade of nerve impulses and bf the uptake and 
release of neurotransmitters, at concentrations well 
below those required to inhibit calmodulin actions in 
vitro (78). 


Anesthetics 


In 1974, Price (79) demonstrated the ability of 
halothane to decrease contractile force in isolated 
papillary muscle and showed also that increasing the 
ionized calcium concentration of the bathing medium 
could reverse the negative inotropic effect. The latter 
finding has been exploited clinically by the use of 
intravenous calcium chloride to partially counteract 
myocardial depression due to halogenated volatile 
anesthetics (80). However, the underlying assump- 
tion that halothane exerts its negative inotropic effect 
at least in part through inhibition of calcium- 
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mediated events in excitation-contraction coupling 
has been difficult to address experimentally in intact 
systems because anesthetics and calcium each have 
multiple intracellular actions. In fact, only recently 
has there begun to appear information on the direct 
effects of any anesthetic(s) on intracellular calcium 
signaling events in any specific tissue. 

Isolated cardiac fibers in which membrane-asso- 
ciated activities were selectively obliterated by deter- 
gent treatment were used to demonstrate that halo- 
genated volatile anesthetics increase the ionized cal- 
cium conceniration required to activate the contractile 
apparatus (81). One of several possible explanations 
for this finding is that halothane alters the binding of 
troponin to either calcium or tropomyosin, although 
others have reported that the binding of calcium to 
troponin is unaffected by halothane (82). This dimin- 
ished calcium sensitivity of troponin and/or other 
contraction-activating cardiac myofibrillar proteins 
produced by the halogenated anesthetics could very 
definitely contribute to the negative inotropic effects 
so prominent in the clinical usage of these agents. 
However, in accounting overall for the myocardial 
depressant effects of volatile anesthetics, the relative 
importance of direct actions on myofibrils, such as 
those just described, vis a vis other possibilities, such 
as changes in membrane-regulated calcium fluxes 
that alter myoplasmic calcium levels (83,84), remains 
to be determined. 

Data from the laboratory of one of us (K.C.W.) 
suggest that both local and general anesthetics inhibit 
calmodulin’s ability to activate myosin light chain 
kinase (MLCK) of smooth muscle. In an in vitro test 
system consisting of myosin and MLCK purified from 
turkey gizzard smooth muscle, along with added 
calmodulin and calcium, the MLCK-catalyzed, cal- 
cium- and calmodulin-dependent phosphorylation of 
myosin (an essential step in contractile activation of 
smooth muscle—see section on Calmodulin and Tro- 
ponin C in Muscle Contraction and Metabolism) was 
inhibited by local anesthetics in the order of potency 
tetracaine > bupivacaine > lidocaine (85). This inhib- 
itory effect of local anesthetics on MLCK activity was 
only partly reversed by raising the free calcium con- 
centration fram 1 x 107° M to 2 x 1074 M, whereas 
MLCK activity was completely restored by raising the 
calmodulin concentration from 1 x 107’ M to 6 x 
1077 M (Nosaka S, Kamaya H, Ueda I, Wong KC, 
unpublished data). Furthermore, these investigators 
have also found that halothane and isoflurane exhib- 
ited weak MLCK-inhibiting effects that were depen- 
dent on the presence of calmodulin (85; Wong KC, 
unpublished data). 

It seems likely that the inhibitory action of local 
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anesthetics is caused by their interaction with the 
hydrophobic domain of calmodulin, because binding 
of local anesthetics to calmodulin occurs through the 
aromatic portion of the drug molecule. Within a 
series of local anesthetics (e.g., lidocaine, tetracaine, 
and dibucaine) there is a linear relation between the 
logarithms of the octanol-water partition coefficients 
and the median inhibitory concentrations for calmod- 
ulin activation of phosphodiesterase or MLCK (86). 
Local anesthetics prevent the binding of calmodulin 
to the erythrocyte membrane, with corresponding 
inhibition of calcium-stimulated ATPase activity (87). 
Procaine, lidocaine, tetracaine, and dibucaine also 
inhibit the calcium pump of sarcoplasmic reticulum 
(88). Phosphodiesterase activation by calmodulin is 
inhibited also by propranolol (89). Because the asso- 
ciated binding is non-stereospecific and occurs at 
relatively high drug concentration, it presumably 
reflects local anesthetic rather than B-adrenergic an- 
tagonistic actions of propranolol. 


Calcium Channel Blockers 


In vitro, these drugs also bind to the activated form of 
calmodulin (the calcium-calmodulin complex) and 
prevent its interaction with target enzymes. The four 
main groups of calcium channel blockers—dihydro- 
pyridines, phenylalkylamines, benzothiazepines, 
and diphenylalkylamines—recognize different, dis- 
tinct sites on the oligomeric channel protein (90). 
Felodipine (91-93), prenylamine (94), bepridil, and 
flunarizine (95) interact with calmodulin in vitro. 
Agre et al. (96) concluded that bepridil and cetiedil 
interact with calmodulin rather than with the calcium 
channel(s) in the erythrocyte membrane. Because no 
clear evidence has been put forward for direct in- 
volvement of calmodulin in the pharmacological ef- 
fects of calcium channel blockers, more work is 
needed to explore the possibility that calcium channel 
function may be modulated by calmodulin-depen- 
dent protein kinase or phosphatase activity (97,98). 


Conclusions and Future Directions 


As detailed throughout this article, calcium regulates 
many cellular reactions and processes, in some cases 
by mechanisms not yet fully understood. Cal- 
modulin, which plays a central role as both a receptor 
for calcium and a mediator of its effects, deserves 
continued intensive study. Of considerable impor- 
tance to anesthesiology would be further work on the 
following questions, especially as they pertain to the 
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function of calmodulin in nerve and muscle: 1) What 
is the complete roster of intracellular processes that 
are calcium- and calmodulin-dependent? 2) What are 
the detailed interactions between the calcium and 
cyclic AMP messenger systems, and among different 
intracellular mediators of calcium effects, such as 
calmodulin and protein kinase C? 3) How do anes- 
thetics affect the regulation of ionized calcium levels 
in (intra)cellular compartments? 4) What are the ef- 
fects of anesthetics on calmodulin’s ability to mediate 
calcium-dependent cellular activities? 5) Are there 
non-anesthetic drugs able to specifically and revers- 
ibly interact with calmodulin and alter its ability to 
bind calcium or its target enzymes? 

Increased knowledge in these areas will improve 
our understanding of basic mechanisms involved in 
calcium’s ability to regulate cellular activities. Such an 
understanding offers the potential for predicting the 
influence of drugs and other anesthetic interventions 
on important calcium-dependent reactions and pro- 
cesses. Eventually, we may be able to manipulate, 
with potency and specificity, various elements of the 
calcium messenger system, much as is now possible 
for other first (e.g., adrenergic) and second (e.g., 
cyclic AMP) messenger systems. That capability 
would provide the anesthesiologist with a new di- 
mension of control over many critical physiological 
functions. 


We thank John Tseng for assistance in literature review and Shelly 
McCaffrey for secretarial support. 
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Since 1980, reports have appeared describing pro- 
longed neurologic deficits following presumed acci- 
‘dental intrathecal administration of 2-chloroprocaine 
(2-CP) (1—4). The 2-chloroprocaine solutions that 
were used in these reports of neurologic deficit pre- 
sumably contained, in addition to the 2-CP HCl, 
sodium bisulfite (0.2%), and sodium chloride (4). 
Methylparaben (0.1%) was removed in 1956 from the 
3% solution of 2-CP. In 1964, the 2% and 3% solutions 
of 2-CP without methylparaben were marketed for 
caudal and epidural administration as Nesacaine-CE 
(5). 

The sodium bisulfite (0.2%) in 2-CP solutions pre- 
vents the oxidation of 2-CP and lowers the pH to 
approximately 3.0. Controversy centered on whether 
the reported neurologic deficits were due to the 
antioxidant (sodium bisulfite), the low pH, or the 
2-CP itself (6). Covino suggested that a combination 
of a low pH and the presence of sodium bisulfite was 
probably responsible for the neurologic deficits (7). 

In October of 1987, the Astra Corporation (Astra 
Pharmaceutical Products, Inc., Westborough, Mass.), 
in an effort to eliminate the bisulfite in the 2% and 3% 
concentrations of 2-chloroprocaine, began marketing 
for general use a new formulation of 2-CP for epidu- 
ral and caudal use labeled as Nesacaine-MPF (meth- 
ylparaben free 2-chloroprocaine). In place of the 
bisulfite, the new formulation contained disodium 
EDTA 0.1 mg/mL (ethylenediaminetetraacetic acid). 
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The Nesacaine-CE preparation also contains an 
EDTA preparation (calcium disodium EDTA) (8). The 
following case reports from our institution suggest 
the possibility that this new formulation may result in 
significant patient discomfort as a result of muscular 
back pain following the injection of Nesacaine-MPF 
into the lumbar epidural space. To our knowledge, 
the occurrence of localized back pain using this 
preparation of 2-CP has not been reported. 


Clinical Experience 


Beginning in April of 1988, we began noticing a 
portion of our ambulatory surgical patients who 
complained of localized paralumbar muscle pain in 
the recovery room. These patients had been given 
lumbar epidural anesthesia using either the 2% or 3% 
Nesacaine-MPF. The muscle pain lasted for approxi- 
mately 24 hr postoperatively and, in all patients, 
required the use of narcotic analgesics and, in some 
instances, orally administered muscle relaxants for 
pain relief. To date, we have observed this phenom- 
enon in 8 of 20 patients who have been given 
Nesacaine-MPF (Table 1) for an incidence of 40%. 

A strikingly similar scenario appeared to be evi- 
dent in each patient. All were given the Nesacaine- 
MPF epidurally, 7 patients were given the 3%, and 1 
patient the 2% concentration. In only one of these 
patients was epinephrine added. No attempt was 
made to alkalinize these solutions. The epidural an- 
esthetic in this group of patients was performed by 
various staff anesthesiologists using a 17-gauge 
Tuohy needle and the loss of resistance technique. 
The local anesthetic solution was injected into the 
lumbar epidural space at either the L,, or Lys 
interspace following the usual skin preparation with 
a betadine solution and sterile draping. There was no 
evidence of cerebral spinal fluid or blood on aspira- 
tion, and no paraesthesias occurred during the nee- 
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Table 1. Case Summary April-May 1988 


Patient 1 2 3 
Age (yrs) 27 50 51 
ASA Physical Status 1 1 2 
Surgical Procedure A A A 
Initial Epidural Dose (mL) 25 30 27 
Total Epidural Dose (mL) 40 30 27 
Surgical Duration (min) 76 75 85 
Epidural Catheter F F + 
Satisfactory Anesthesia + + + 
Technical Problems a = 
Anesthesiologist WH Jj EF 


A = arthroscopy, H = hysteroscopy, I = inguinal hernia repair, + = Yes, — 


dle placements. There were no marked differences in 
total volume of 2-CP used, duration of surgery, or 
technical complications in the 20 patients given the 
Nesacaine-MPF. In all cases, the anesthetic was suc- 
cessfully completed, only to have the patient experi- 
ence the onset of localized back pain as the sensory 
blockade wore off. 

The pain was described by the patients as being 
intense and localized to the lower back. The pain was 
associated with observable muscle spasm and tender- 
ness upon physical examination in some of the pa- 
tients. There was no evidence of muscle weakness, 
sensory deficit, or muscular discoordination of the 
lower extremities upon examination in the recovery 
room or during a structured telephone interview 
format 24 hr postoperative in the eight patients who 
experienced the muscle pain. Review of 12 months of 
anesthetic records of patients who received epidural 
anesthesia for a variety of ambulatory surgical proce- 
dures did not reveal a single case of lacalized para- 
lumbar muscle pain using other local anesthetic prep- 
arations, including the previously available 2-CP 
preparation (2% and 3% Nesacaine-CE containing 
0.07% sodium bisulfite and 0.1% calcium disodium 
EDTA). This retrospective chart review included not 
only the anesthetic record and recovery room record 
but, also, the record of a 24-hr postoperative struc- 
tured telephone interview, which all of our ambula- 
tory patients receive. 


Discussion 


After the postoperative problems that some of our 
patients were having with the Nesacaine-MPF, the 
manufacturer was contacted and the lot number used 
in our institution (#712126) was returned for analy- 
sis. Prior to our report, another institution (personal 
communication—L. Hood, mop; Elliot Hospital, 
Manchester, NH 03103) reported to Astra Pharma- 


FIBUCH AND OPPER 
4 5 6 7 8 
29 36 35 28 30 
1 1 1 1 1 
A A H A I 
27 32 28 26 23 
27 32 28 32 23 
63 90 45 80 90 
F F + + = 
F T + F T 
JM SO EF MH MH 


= No. 


Table 2. Nesacaine 3%-MPF Lot Analyses 


Expected 
Range Lot #710029* Lot #712126t 

Chloroprocaine HCI 28.5-31.5 30 5 30.7 

mg/mL 
CABA %t <3 0 21 0.26 
Disodium EDTA 0.100-~0.122 0 107 0.111 

mg/mL 
Sodium (mg/mL) 1.18-1.14 1.27 1.23 
Color clear clear clear 
Precipitation none none none 
pH 2.7-4.0 3.5 29 
Sodium Bisulfite none none none 


“Elliot Hospital, Manchester, NH 03103. 1ST. Luke’s Hospital, Kansas 
City, Mo 64111. t4-Amino-2-Chlorobenzoic Acid. 


ceutical that some of their patients were experiencing 
paralumbar muscle pain following the use of the 
Nesacaine-MPF formulation. This institution used a 
different lot number (#710029). Table 2 lists the 
results of the analyses of these two lots of Nesacaine- 
MPF. Chemical analysis and visual inspection by the 
manufacturer of the returned ampuls of Nésacaine- 
MPF were within normal limits. 

The question of muscle spasm and pain located in 
the paralumbar muscle bed in approximately 40% of 
our patients given the Nesacaine-MPF raises a num- 
ber of questions. Could it be that tnere was a techni- 
cal problem in the administration of the anesthetic 
(i.e., multiple subcutaneous and intramuscular injec- 
tions of Nesacaine-MPF) prior to the placement of the 
epidural needle resulting in muscle damage or irrita- 
tion? In no instance could we document this, and the 
fact that multiple anesthesiologists were having the 
same problem would suggest that localized muscle 
trauma did not play a role. 

Could the new formulation be irritating in some 
manner to small non-myelinated nerves within the 
epidural space, triggering a muscle reflex spasm? 
This is unlikely since we could not document in our 
patients any suggestion of small fiber dysfunction 
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such as autonomic dysfunction, radicular pain, or 
dysesthesia either in the early recovery period or 24 
hr postoperatively. 

Could the 2-chloroprocaine be causing the muscle 
pain? This also is unlikely since we could not dem- 
onstrate in a retrospective review over the last 12 
months the occurrence of this syndrome using the 
old 2-CP formulation or any other local anesthetic 
preparation; however, the role of 2-CP diffusing 
through vertebral foramina into the muscle bed caus- 
ing a localized myotoxicity cannot be ruled out. 

Finally, the possible role of disodium EDTA must 
be considered. In animal preparations, disodium 
EDTA causes hypocalcemic tetany when adminis- 
tered rapidly intravenously apparently due to bind- 
ing of tissue calcium; however, the calcium salt of 
disodium EDTA does not cause this reaction (9). 
Nesacaine-CE formulations contained the calcium- 
disodium EDTA, whereas the Nesacaine-MPF con- 
tains the disodium EDTA (8). The sodium salts of 
EDTA are active chelating agents of heavy metals. 
The expected binding of calcium, acutely, could cause 
a lowering of tissue calcium and thus muscle spasm. 
We speculate that in some of our patients there may 
have been a rapid uptake of Nesacaine-MPF into the 
lumbar muscle bed either by local diffusion or move- 
ment along neural tracts. The binding of tissue cal- 
cium may have triggered localized severe muscle 
pain. 

We have not observed localized paralumbar mus- 
cle pain in our obstetrical patients who received 
Nesacaine-MPF for epidural anesthesia during this 
same time period. The lack of early ambulation and 
the greater use of narcotic analgesia in the early 
postoperative period in obstetrical patients may be 
masking the occurrence of muscle pain. 
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We believe further investigation is warranted and 
that the anesthesia community should be aware of 
the potential problem with the new formulation of 
2% and 3% Nesacaine-MPF. 

In summary, we observed a 40% incidence of 
paralumbar muscle pain and spasm without evidence 
of neurologic deficit in ambulatory surgical patients 
undergoing lumbar epidural anesthesia using a prep- 
aration of 2-chloroprocaine labeled as Nesacaine- 
MPF. The cause of the muscle pain and spasm may be 
related to the addition of disodium EDTA to the 
2-chloroprocaine solutions. 
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Tube during High Frequency Jet Ventilation 


David H. Wilks, mp, William C. Tullock, Mp, and Miroslav Klain, MD, PhD 


Key Words: EQUIPMENT—endotracheal tubes. 
COMPLICATIONS—tracheal tube obstruction. 


An obstructed endotracheal tube represents an acute, 
critical complication. Causes of obstruction are varied 
and include mucous plugs, plastic sheared from 
stylets, herniating cuffs of endotracheal tubes, and 
collapsed and kinked tubes (1). We report an obstruc- 
tion that developed in a Hi-Lo Jet* endotracheal tube 
during high frequency jet ventilation (HFJV) in a 
patient undergoing extracorporeal shock-wave litho- 
tripsy (ESWL). The location of the obstruction af- 
fected the HFJV in an unusual manner not previously 
documented. 


Case Report 


A healthy 32-year-old man with renal calculi was 
admitted for ESWL. Past medical history, physical 
examination, and laboratory data including a chest 
radiogram and electrocardiogram (ECG) were unre- 
markable. 

The patient was brought to the ESWL suite unpre- 
medicated. Monitors included ECG, esophageal 
stethoscope, pulse oximeter, and a noninvasive blood 
pressure monitor. With the patient on a litter, anes- 
thesia was induced with thiopental plus succinylcho- 
line to facilitate endotracheal intubation with an 8.0 
mm ID Hi-Lo Jet? (National Catheter Company, Ar- 
gyle, NY) endotracheal tube. Correct position of the 
endotracheal tube was confirmed by auscultation of 
bilateral breath sounds during manual ventilation. 
Anesthesia was maintained with nitrous oxide and 
oxygen, N,O/O, 60/40%. Vecuronium, 6 mg iv, was 
administered to maintain muscle relaxation. Arterial 
oxygen saturation (SaO) was 99%. 

The patient was placed in the gantry seat of the 
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lithotripter. This seat holds the patient in a semi- 
reclining (lawn chair) position. The jet gas delivery 
lumen of the Hi-Lo Jet* tube was connected to an 
Acutronic 1000* (Acutronic, Jona/Rappeswil, Switzer- 
land) ventilator, and ventilation was begun with an 
inspiratory time of 30%, a driving pressure of 1.7 bar, 
and a respiratory frequency of 100 cycles/min. The 
lumen of the Hi-Lo Jet“ tube for airway pressure 
measurement was not connected. The main lumen of 
the endotracheal tube remained connected to the 
anesthetic circle system with the pressure relief valve 
fully open to allow scavenging of exhaled gases. 
Breath sounds were present and equal bilaterally. 

The patient was submerged in the water bath to 
the nipple line. Auscultation of the chest then re- 
vealed breath sounds to be absent bilaterally, even 
though the jet ventilator appeared to be delivering 
gases. SaO, decreased to 85% as shown by the pulse 
oximeter. Jet ventilation was discontinued, and man- 
ual ventilation was attempted with the conventional 
anesthesia circuit and 100% oxygen. In spite of high 
ventilatory pressures (80 cm H,O), the tidal volume 
was judged clinically to be inadequate, but sufficient 
oxygen was delivered to return the SaO, to 100%. 
Attempts to pass a suction catheter through the 
endotracheal tube were unsuccessful, and it was 
concluded that the endotracheal tube had kinked. 
The gantry seat’s headrest was repositioned to extend 
the patient’s neck without significant improvement in 
ventilation, and the patient was expeditiously re- 
moved from the water bath and placed on a litter. The 
Hi-Lo Jet* endotracheal tube was removed, and an 
armored endotracheal tube inserted. Conventional 
ventilation through this tube was easily accom- 
plished, and the rest of the procedure was unevent- 
ful. On examination, the Hi-Lo Jet® tube would kink 
at a point immediately above the cuff when bent 
slightly. 


Discussion 


ESWL is a noninvasive procedure to disintegrate 
urinary tract calculi. Both general and regional anes- 
thesia techniques have been us2d during ESWL. 
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Figure 1. Site of kink is shown. A and B indicate cross sections in 
Figure 2. 

Some studies prefer general anesthesia to control 
respiration and so minimize renal movement that 
may displace the calculi (2). When using general 
anesthesia, HF]V has been advocated to reduce tidal 
volumes therefore further reducing movement of 
calculi (2-4). 

We have observed a tendency for patients to 
slump forward during placement into the water bath, 
causing flexion of the neck. Endotracheal tubes are 
especially prone to kink when the patient’s neck is 
flexed because the curvature of the endotracheal tube 
is increased. “Relaxation and forward flexion of the 
neck and secondary airway obstruction” during 
lithotripsy was noted by London et al. in awake, 
sedated patients (2). Repositioning the headrest of 
the gantry seat did not completely relieve the obstruc- 
tion of the endotracheal tube in our patient. 

Characteristics of endotracheal tubes that are fac- 
tors in their tendency to collapse or kink include 
thickness of the tube wall, accessory lumina in the 
tube wall, ridges in the wall of the tube, and the 
hardness of the material from which the tube is 
constructed (5). The Hi-Lo Jet? tube would be ex- 
pected to resist kinking because of its relatively thick 
wall and additional lumina molded within the wall 
tor cuff inflation, jet ventilation and pressure moni- 
toring. However, the Hi-Lo Jet" tube is not uniformly 
stiff: at the point where our tube kinked (proximal to 
the cuff yet distal to the jet port), it :s more pliable 
(Fig. 1 and 2). At this point, the plastic is removed 
anteriorly on the inside surtace of the tube to create 
an opening for the jet gas delivery port. 

The Acutronic 1000" jet ventilator is equipped with 
two separate airway pressure sensing systems. The 
first system senses the patient’s airway pressure via 
the gas delivery tubing during expiration. If the 
patient’s end-expiratory pressure increases above a 
preset limit, an automatic shut-off will stop ventila- 
tion. The second system senses the airway pressure 
via an auxiliary pressure lumen such as the pressure 
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Figure 2. A, Cross-section above site of kink. Intact jet lumen is 
illustrated. B, Cross-section below site of kink. The inner wall of 
the jet lumen Fas been removed in the manufacturing process. The 
jet port is located where the plastic is initially absent, but the 
structural defermity continues along the tube. 


port of the 4i-Lo Jet” tube. The distal opening of the 
lumen of tais port lies at the extreme tip of the 
endotrachec! tube. If a high peak inspiratory pressure 
is detected, the ventilator will automatically stop. The 
second system also senses the difference between the 
peak inspiratory pressure and the end expiratory 
pressure as neasured via the pressure-sensing lumen 
of the Hi-Le Jet" tube. If this difference decreases by 
50% between respiratory cycles, the ventilator will 
automatical v alarm “patient disconnected” but will 
not automa ically stop ventilation (6). 

Ina laboratory setting, we connected the Hi-Lo Jet" 
tube to the jet ventilator. As we bent the tube, it 
kinked as described. The jet port was still patent, and 
because the actual obstruction was distal to this 
point, the airflow was directed out the main lumen of 
the tube to -he scavenger system. The ventilator did 
not trigger an automatic shut-off because neither high 
end-expiratory nor high inspiratory pressure was 
generated. 

In conclusion, we describe a type of obstruction in 
a Hi-Lo Jet? endotracheal tube not previously re- 
ported. We believe that the lack of structural unifor- 
mity in this type of tube, due to the presence of 
additional lumina, leads to a tendency for kinking at 
the specific location described. This case illustrates 
the importance of connecting the pressure-measuring 
port of the Hi-Lo Jet tube to the Acutronic 1000* 
ventilator. If this port had been connected during our 
case, we would have had a disconnection warning 
even thoug1 our patient was not actually discon- 
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nected from the system. Perhaps this alarm should be 
labeled more descriptively to reflect its broader use. 
When this ventilator is used with devices other than 
a Hi-Lo Jetë tube, there may be no pressure- 
‘monitoring lumen available, and, therefore, the an- 
esthesiologist must be aware of the limitations of the 
built-in alarm systems. We must not extend our 
confidence in alarms and automatic sensing systems 
beyond the manufacturer’s designs. We must con- 
tinue to clinically assess our patients. 
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Fifty-Two Years Ago in 
Anesthesia & Analgesia 


E. A. Rovenstine: Anesthesia: organization for teaching. Current Researches 
in Anesthesia and Analgesia: 1937;16:318—22. 


anesthesia organizations and the stature of anesthesia itself. Rovenstine, when he gave the address 


Te article gives nice insight into the stature of Rovenstine in the mid-1930s as well as both the state of 


represented by this paper, was Professor of Anesthesia at New York University College of Medicine 
and Director of Anesthesia at Bellevue Hospital in New York City. Both eminent positions with high 
visibility. The anesthesia organizations in this era are reflected by the fact that, as president of the American 
Society of Regional Anesthesia, Rovenstine was giving this talk in Atlantic City during American Medical 
Association Week on the occasion of the Silver Jubilee meeting of the Associated Anesthetists cf the United 
States and Canada held in joint session with the American Society of Anesthetists (sic), the Eastern Society 
of Anesthetists, the American Society of Regional Anesthesia, and the American Society for the Advance- 


ment of General Anesthesia in Dentistry. 


The subject of Rovenstine’s presentation, education in anesthesia, would today raise no eyebrows. We 
now take education in anesthesiology as a given. This was by no means the case in 1937. Why? Because prior 
to 1935, or so, who was there to teach? So few physicians were in anesthesia or entering anesthesia little 
thought was given to the necessity of formalized teaching of physicians in anesthesia. The infrequent or even 
rare physician who did specialize in anesthesia either taught himself or got on-the-job training as an 
apprentice. Clinical coverage preoccupied most physician anesthetists. Research was for few only, and even 
in the few, research came in as a distant second. Teaching was an even more distant third. [ndicative of this 
state of affairs is the fine point made by Rovenstine in his introduction: prior to 1935 or so, “‘Over-emphasis 
of the operative procedure and attention to little more than immediate results protected from criticism 
anesthesia that offered pain relief, muscle relaxation and returned almost all patients to bed alive.” 

Surgery was, as Rovenstine emphasizes, about to emerge into a new era in the late 1930s. an era that 
involved more than technique and pathology, an era in which Anesthesia would become important. As such, 
the quality and quantity of teaching in anesthesia became important. This required creation of structured 
educational courses in anesthesia. Education, Rovenstine said, must include teaching medical students about 
anesthetic techniques as well as applied pharmacology and physiology as they relate to the perioperative 
period. As a corollary, anesthesia departments in hospitals associated with medical schools must be 
organized in such a way that university faculty in anesthesia have freedom of time as well as financial support 
adequate to allow them to reach in the operating room, in the classroom and in the lecture hall. Heady ideas 
indeed in the 1930s, so heady that it took some teaching hospitals and their universities 40 yeers to accept 
them. Noteworthy also is Rovenstine’s plea that teaching in anesthesia must entail instruction in all, not just 
some, anesthetic techniques, plus management of chronic pain problems, inhalation therapy, and clinical 
research. How revolutionary could one get 52 years ago? And how prescient Rovenstine was. Anesthesiology 
today consists of what Rovenstine said it should consist of. It took a long time to get there to here. 


ay 
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Malignant Hyperthermia in a Hemodialysis Patient 
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Malignant hyperthermia (MH) causes severe meta- 
bolic disturbances (1). A properly functioning trans- 
planted kidney has been reported to have played a 
lifesaving role in a case in which MH developed ina 
renal transplant recipient (2,3). However, hemodial- 
ysis patients without kidneys do not have renal com- 
pensatory mechanisms to handle the hyperkalemia 
and metabolic acidosis associated with MH. This 
study is the first reported case of MH in an anephric 
long-term hemodialysis patient. We administered cal- 
cium and performed urgently needed hemodialysis 
in the operating room to treat persistent hyperkale- 
mia. 


Case Report 


A 45-year-old woman weighing 42.8 kg, who had 
been undergoing hemodialysis three times a week for 
7 years, was scheduled for a simple mastectomy. She 
had undergone no surgery previously except for an 
arteriovenous shunt under local anesthesia 3 years 
before. Hemodialysis was performed the day before 
surgery. Her serum potassium level was 2.9 mmol/L 
after hemodialysis. 

She was given no premedication and was visibly 
nervous when she arrived at the operating room. 
Blood gas analysis revealed metabolic acidosis and 
hyperkalemia despite the hemodialysis on the previ- 
ous day (Table 1). Anesthesia was induced with 50 
mg thiopental and wes maintained with 0.8% 
halothane and 50% oxygen in nitrous oxide during 
the operation. During induction, multifocal ventricu- 
lar extra-systoles appeared, but they disappeared 
when 40 mg lidocaine IV was administered. The 
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masseter muscle was somewhat rigid, but the trachea 
was intubated without use of a muscle relaxant. 

Ninety minutes after induction, blood gas analysis 
indicated increasing metabolic acidosis and the neg- 
ative base excess (BE) had reached —13 mmol/L 
(Figure 1). During the next 40 min the rectal temper- 
ature increased from 37.4°C to 38.6°C, and the heart 
rate increased from 90 to 120 beats/min. The esopha- 
geal temperature was taken to confirm hyperthermia; 
it increased from 38.8°C to 39.6°C in 7 min. With the 
suspicion of MH, halothane administration was 
stopped, but the nitrous oxide was continued be- 
cause of the absence of hypoxemia in the arterial 
blood sample as shown in Table 1. The patient was 
vigorously cooled with cold IV solutions, cooling 
blankets, and ice pads on the body, and 60 mg of 
dantrolene was given IV. The heart rate and esoph- 
ageal temperature started to decrease within a few 
minutes, and the surgery was completed. 

In the following hour, the esophageal temperature 
decreased to 37.5°C, and the BE of arterial blood 
improved. However, the serum potassium continued 
to increase to a level of 7.2 mmol/L, and the T waves 
became “tented” on the electrocardiogram (ECG), 
We administered 20 mL of 8.5% calcium gluconate IV 
to treat the hyperkalemia. This promptly corrected 
the “tented” T waves. Next, hemodialysis was imme- 
diately initiated in the operating room because per- 
sistent hyperkalemia has been reported during MH in 
renal transplant recipients (2,3). After 3 hr of dialysis, 
the serum potassium level decreased to 4.1 mmol/L, 


Table 1. Blood Gas Tensions and Serum Potassium (K*) 
Time Arter Induction (min) 
0 90 130 160 190 400 


FO, 0.2 0.5 0.5 0.5 0.5 NA 

pH 7.38 7.18 7.23 7.53 7.37 7.34 

PaO, (kPa)* 11.8 23.8 30.1 35.4 36.3 19.2 

PaCO, (kPa) 3.9 5.5 5.3 3.1 4.7 4.8 

Base excess —6 —13 —10 =3 -5 -5 
(mmol/L) 

K* (mmoi/L) 6.1 6.1 5.8 7.0 Fig 4.1 


*kPa x 7.502 = mm Hg. NA = not available. Oxygen was administered 
through nasal cannulae at a rate of 31/min. 
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metabolic acidosis was almost corrected, and the 
temperatures stabilized around 37°C. The patient was 
sent to the intensive care unit where dantrolene was 
infused at a rate of 5 mg/hr for 12 hrs to achieve the 
recommended dose of 2.4 mg/kg of body weight (4). 

On the first postoperative day, a slight increase in 
temperature (37.5°C) persisted, the serum potassium 
level again increased to 5-6 mmol/L, and the myoglo- 
bin level peaked at 132,000 ng/ml (the normal upper 
limit is 70). Serum creatine kinase levels reached a 
peak value of 3596 IU/L (the normal upper limit is 80) 
on postoperative day 2. The remainder of the post- 
operative course was uneventful. 

A month later, a muscle biopsy specimen was 
removed tinder local anesthesia and studied for MH 
susceptibility employing the skinned muscle fiber test 
(5). The sensitivity of Ca-induced Ca release of the 
muscle was shown to be significantly higher than that 
in normal muscle at a Ca ion concentration of 107° M 
but not higher at lower Ca ion concentrations. 


Discussion 


Anesthesia-induced rhabdomyolysis without pyrexia 
has not been reported except when succinylcholine 
was used (6-8), and halothane alone does not cause 
an increase in serum myoglobin (9). Therefore, the 
simultaneous development of hyperthermia with 
rhabdomyolysis and myoglobinemia associated with 
the administration of halothane strongly suggests the 
development of MH. Rapidly increased metabolic 
acidosis and the immediate effects of dantrolene 
support this diagnosis in the present case. The results 
of the skinned muscle fiber test did not confirm MH 
susceptibility of the patient, but this is not incompat- 





ible with the clinical diagnosis of MH because the test 
has not yet established a reputation or criteria for 
susceptibility of MH (10). 

There are some unique problems that accompany 
rhabdomyolysis and/or MH in a hemodialysis pa- 
tient; the first is the lack of renal regulation of 
metabolic disturbances, especially the hyperkalemia. 
The second is the absence of information about the 
pharmacokinetics of dantrolene in patients either 
anephric or with chronic renal failure. Hyperkalemia 
is a life threatening situation during a crisis such as 
MH even in patients with normal kidneys (1). It can 
be even more so in anephric patients. Although 
administration of calcium is the most rapid means to 
counteract the cardiac effects of potassium (11), the IV 
administration of calcium during an MH attack is 
considered dangerous (1,12). However, an increase 
in serum calcium levels was recently shown not to 
trigger MH in malignant hyperthermia-susceptible 
(MHS) pigs (13,14). Moreover, potassium in car- 
diotoxic concentrations was found to increase the 
whole body oxygen consumption in MHS pigs (13). 
In a previous report on MH in a renal transplant 
recipient, calcium chloride was safely given for the 
emergency treatment of peaked T wave induced by 
hyperkalemia (3). Murakawa et al. (15) also used 
calcium gluconate, safely and effectively, to treat car- 
diac arrest due to hyperkalemia in a fulminant MH 
case. 

Severe, persistent hyperkalemia during an MH 
crisis has been reported in kidney transplant recipi- 
ents despite hemodialysis on the day before surgery 
(2,3). Disturbances of potassium homeostasis may 
have contributed to the hyperkalemia. In addition, 
hyperkalemia developed as the first sign of MH in 
one case (3). Nevertheless, hyperkalemia before the 
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induction of anesthesia in the present case is puz- 
zling, because the average serum potassium level had 
been 4.5 + 0.3 (mean + sp) mmol/L and had never 
been above 5.2 mmol/L in the 6 months prior to the 
surgery, even 2 days after hemodialysis. Cell mem- 
brane permeability may have been abnormal before 
the triggering of MH with halothane. Stress and 
apprehension are also thought to predispose patients 
to MH (16), and they may play some role in the 
present case, too. 

Factors influencing dizlizability of drugs include 1) 
molecular weight, 2) water solubility, 3) protein bind- 
ing, and 4) plasma clearance (17). The molecular 
weight of dantrolene, 399, is relatively small, but its 
low solubility in water led us to assume it would not 
be removed by hemodialvsis. To prevent a recurrence 
of MH, we therefore infused dantrolene intrave- 
nously at a rate of 5 mz2/hr for 12 hrs. The serum 
concentration of dantrolene could not be measured, 
but in any event the dose of dantrolene we used 
prevented a relapse of MH. 

In summary, MH developed during breast surgery 
in a long-term hemodialysis patient as attested to by 
the abrupt onset of rhabdomyolysis, hyperthermia, 
hyperkalemia, and metabolic acidosis. The hyper- 
thermia was rapidly reversed with dantrolene and 
cooling, and the hyperkalemia was treated by urgent 
hemodialysis in the operating room. 


We are grateful to Professor K. Mori, Department of Anesthesiol- 
ogy, Kyoto University for useul suggestions, and Professor M. 
Endo, Department of Pharmacology, Tokyo University for per- 
forming the skinned muscle fiter contraction test. 


References 


1. Britt BA. Malignant hyper:hermia. Can Anaesth Soc J 1985; 
32:666-77. 


10. 


1Z 


13. 


14. 


ID: 


16. 


17. 


ANESTH ANALG 121 
1989;69:119-21 


. Byers DJ, Merin RG. Malignant hyperthermia in a renal trans- 


plant recipient. Anesthesiology 1987;67:979-81. 


. Simons ML, Goldman E. Atypical malignant hyperthermia 


with persistent hyperkalemia during renal transplantation. 
Can Anaesth Soc J 1988;35:409-12. 


. Flewellen EH, Nelson TE, Jones WP, Arens JF, Wagner GL. 


Dantrolene dose response in awake man: implications for 
management of malignant hyperthermia. Anesthesiology 
1983;59:275-80. 


. Endo M, Yagi S, Ishizuka T, Horiuti K, Koga Y, Amaha K. 


Changes in the Ca-induced Ca release mechanism in the 
sarcoplasmic reticulum of the muscle from a patient with 
malignant hyperthermia. Biomed Res 1983;4:83~-92. 


. Pellicci PM, Paget S, Tsairis P. Post-anesthetic myoglobinuria 


with acute renal failure (normothermic malignant hyperther- 
mia): a case report. J Bone Joint Surg [Am] 1983;65:413-4. 


. McKishnie JD, Muir JM, Girvan DP. Anesthesia induced 


rhabdomyolysis—a case report. Can Anaesth Soc J 1983; 
30:295-8. 


. Wang JM, Stanley TH. Duchenne muscular dystrophy and 


malignant hyperthermia—two case reports. Can Anaesth Soc J 
1986;33:492-7. 


. Blanc VF, Vaillancourt G, Brisson G. Succinylcholine, fascicu- 


lations and myoglobinemia. Can Anaesth Soc J 1986;33:178-84. 


Øding H. Diagnosis of susceptibility to malignant hyperther- 
mia in man. Br] Anaesth 1988;60:287-302. 


. Black RM. Disorders of serum sodium and serum potassium. 


In: Rippe JM, Irwin RS, Alpert JS, Dalen JE, eds. Intensive Care 
Medicine. Boston: Little, Brown, 1985:610-24. 


Gronert GA. Malignant hyperthermia. Anesthesiology 1980; 
53:395-—423. 


Gronert GA, Ahern CP, Milde JH, White RD. Effect of CO,, 
calcium, digoxin, and potassium on cardiac and skeletal mus- 
cle metabolism in malignant hyperthermia susceptible swine. 
Anesthesiology 1986;64:24-8. 


Harrison GG, Morrell DF, Brain V, Jaros GG. Acute calcium 
homeostasis in MHS swine. Can Anaesth Soc J 1987;34:377-9. 


Murakawa M, Hatano Y, Magaribuchi T, Mori K. Should 
calcium administration be avoided in treatment of hyperkale- 
mia in malignant hyperthermia? Anesth Analg 1988;67:604-5. 


Mogensen JV, Misfeldt BB, Hanel HK. Preoperative excitement 
and malignant hyperthermia. Lancet 1974;1:461. 


Gibson TP. Principles of drug dose adjustment during hemo- 
dialysis. Am J Kidney Dis 1983;3:111-3. 


122 ANESTH ANALG 
1989;69:122-5 


Intrathecal Narcotics for Labor Revisited: The Combination of 
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Many anesthesiologists are frustrated by the limita- 
tions of currently available techniques for labor anal- 
gesia (1). Parenteral medications, commonly used for 
labor analgesia, can depress both mother and baby 
without providing adequate pain relief (1,2). Lumbar 
epidural analgesia, although very effective at reliev- 
ing the pain of labor, is actually received by only 16% 
of laboring patients in the United States (1). Reasons 
cited for the underutilization of this technique in- 
clude the amount of time required and the poor 
reimbursement offered (1). Intrathecal morphine (1-2 
mg) can be rapidly administered and provides good 
analgesia for the first stage of labor; however, the 
associated long latency, high incidence of side effects, 
and lack of perineal anesthesia severely limit its 
usefulness (3-6). We hypothesized that the intrathe- 
cal administration of a combination of fentanyl, a 
narcotic with a short latency and a brief duration of 
action, and a lower dose of morphine might provide 
satisfactory labor analgesia with a shorter latency and 
a lower incidence of side effects. Here, we report the 
results of administering intrathecal fentanyl 25 ug 
and morphine 0.25 mg to 15 laboring patients. 


Methods 


After obtaining approval from our institutional re- 
view board, we studied 15 healthy parturients, not 
addicted to opiates, who consented to participate in 
this study. All women carried healthy, single, term 
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gestations with normal fetal heart rate tracings. We 
started a slow intravenous infusion of crystalloid 
solution but did not administer a pze-anesthetic fluid 
load. An anesthesia resident performed dural punc- 
ture with a 25-gauge spinal needle and injected 
fentanyl 25 ug and morphine 0.25 mg in 2 mL normal 
saline solution into the cerebrospmal fluid. An ob- 
server recorded the time from opening the spinal 
anesthesia kit to removing the spinal needle from the 
patient’s back. We monitored the fetal heart rate and 
uterine contractions continuously for 30 min after 
narcotic administration. We then permitted each pa- 
tient to ambulate with intermittent fetal heart rate 
monitoring as allowed by the patient’s obstetrician. 

Patients rated their pain on a 0-100 scale (0 = no 
pain, 100 = worst imaginable pain) before intrathecal 
injection of the narcotics and 5, 15, 20, and 60 min 
thereafter, and then hourly until delivery. A nurse 
recorded maternal blood pressure, heart rate, and 
respiratory rate every 15 min during labor and deliv- 
ery and then every 60 min until 24 hr after intrathecal 
narcotic administration. We also monitored the pa- 
tients’ oxygen saturation with a pulse oximeter from 
the time of delivery of the baby until 12 hr after 
intrathecal narcotic administration. 

If the patient requested further analgesia, we ini- 
tiated lumbar epidural anesthesia with 12 mL of 
0.25% bupivacaine and recorded the duration of pain 
relief produced by the first epidural bupivacaine 
injection (the time from bupivacaine injection until 
either delivery or the patient’s next request for anal- 
gesia). We did not record further pain scores after 
injection of the epidural bupivacaine. When the cer- 
vix was fully dilated and the fetal head had de- 
scended at least 2 cm below the ischial spines, the 
patient was given either pudendal block anesthesia or 
injection of local anesthetic epidurally. 

Twenty-four hours after intrathecal narcotic ad- 
ministration, we assessed patient satisfaction by ask- 
ing: “Were you satisfied with the pain relief you 


INTRATHECAL NARCOTIC LABOR ANALGESIA 


Table 1. Patient Demograrhic Data (mean + sp) 


Age (yrs) 27 = 6 
Height (cm) 168 +5 
Weight (kg) 85 + 14 
Gestational age (wks) 40.3 + 1.7 
Cervical dilation before intratrecal narcotics (cm) 4.9 + 1.2 


No. nulliparous patients 10 
First stage labor duration (min)* 207 + 156 
Second stage labor duration (min)tt 95 + 56 
No. multiparous patients 5 


First stage labor duration (min)* 135 + 109 
Second stage labor duration (min)t 41 + 40 
Infant weight (g) 3548 + 626 


“First stage labor duration = time from 4 to 10 cm cervical dilation; 
tsecond stage labor duration = tim2 from 10 cm cervical dilation to delivery; 
excludes the patient who delivered by cesarean section for cephalopelvic 
dysproportion. 


Pain Score 





0 30 60 90 120 150 180 210 240 
Time (min) 


Figure 1. Mean + SEM pain scores (0 = no pain, 100 = worst 
imaginable pain) after intrathecal injection of fentanyl 25 ug and 
morphine 0.25 mg for pain relief during labor. The number of 
patients still laboring under intrathecal narcotic analgesia appears 
above each value. 


received from the intrathecal narcotics?” and “Would 
you prefer to receive intrathecal narcotics or an epi- 
dural anesthetic during a future labor?” Pain scores 
are expressed as mean + SEM, Other values as mean + 
sD. 


Results 


Maternal demographic characteristics are described 
in Table 1. Fourteen patients delivered vaginally (13 
spontaneous vaginal deliveries, 1 vacuum extraction); 
one patient delivered a 4,640-g infant by cesarean 
section for cephalopelvic disproportion. 

Intrathecal injection cf the narcotic solution took 
13 + 4 min. All patients had significant pain relief 
within 5 min of the narcotic injection (Figure 1). Table 
2 shows the duration of intrathecal narcotic analgesia. 

Nine patients did noz: need epidural injection of 
bupivacaine and delivered vaginally with supple- 
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Table 2. Duration of Analgesia During Labor After 
Intrathecal Injection of a Combination of Fentanyl 
and Morphine 


Oxytocin Spontaneous 
Induction Labor 
Comfortable until 222 + 196 (N=3) 187 + 148 (N = 6) 
delivery* 
Epidural anesthesia later 139 + 57 (N= 5) 145 (N = 1) 
required” 


Duration of analgesia 170 +91 110 


after first epidural 
bupivacaine doset 


*Analgesic duration expressed as minutes (mean + SD) from administra- 
tion of intrathecal narcotics until delivery or institution of epidural anesthe- 
sia; tduration of analgesia expressed as minutes (mean + sp) from injection 
of epidural bupivacaine until the patient’s next request for analgesia. 


mental pudendal block anesthesia. Six patients had 
lumbar epidural analgesia induced 140 + 51 min after 
intrathecal narcotic administration; five of these pa- 
tients delivered vaginally under epidural analgesia 
and one patient delivered by cesarean section. 

We found no clinically significant changes in ma- 
ternal vital signs after intrathecal narcotic administra- 
tion. Respiratory rates were =16 for the first 24 hr in 
all patients. Arterial oxygen saturation below 90% did 
not occur. Four patients received nalbuphine 5-10 mg 
IV during labor to treat itching or nausea. After the 
first four patients in this series reported new or more 
severe itching and vomiting after delivery, we gave 
the remaining patients prophylactic postpartum nar- 
cotic antagonists. Moderate to severe postpartum 
itching and vomiting occurred in seven of the eight 
patients given either no prophylactic narcotic antag- 
onists (N = 4) or oral naltrexone 12.5 mg (N = 4). 
Three of the five patients given a continuous infusion 
of naloxone 0.2 mg/hr had mild postpartum itching 
(N = 2) or nausea (N = 1). The two patients given 
naltrexone 25 mg had no postpartum side effects. 
One patient had a mild positional headache that 
started 2 days postpartum and resolved without 
treatment. 

The patients’ obstetricians noted no clinically sig- 
nificant changes in the fetal heart rate patterns during 
the 30-min period after intrathecal narcotic adminis- 
tration. Two infants had I-min Apgar scores of 6; all 
other 1-min and all 5-min Apgar scores were 27. 

All 10 of the nulliparous patients in this series said 
that they were satisfied with their analgesia and 
would like to receive intrathecal narcotic analgesia 
during a future labor. The five multiparous patients 
in this series had all had lumbar epidural analgesia 
during a previous labor. Two of these multiparous 
patients said they preferred intrathecal narcotic anal- 
gesia, whereas three preferred epidural analgesia. 
The three multiparous patients who said they pre- 
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ferred epidural analgesia delivered 29 + 20 min after 
narcotic administration, received naltrexone 12.5 mg 
(N = 2) or no narcotic antagonists (N = 1) after 
delivery, and had severe postpartum itching. 


Discussion 


One of the authors (BBD) began to use intrathecal 
narcotic analgesia to provide effective yet inexpensive 
analgesia for laboring women who subscribed to a 
health maintenance organization which was unwill- 
ing to pay for epidural analgesia. We subsequently 
tried this technique at Thomas Jefferson University 
Hospital and found that a number of our patients and 
obstetricians prefer intrathecal narcotic to epidural 
analgesia. 

Laboring patients want rapid onset of pain relief. 
Analgesic latency is 10-20 min with epidural bupiv- 
acaine anesthesia (7) and 15-60 min with intrathecal 
morphine analgesia (3-6). In contrast, we achieved 
profound analgesia within 5 min after the intrathecal 
injection of a combination of fentanyl and morphine. 
Our results are consistent with data from animal 
studies in which intrathecal fentanyl provides anal- 
gesia with an onset of less than 3 min and a duration 
of about 60 min (8). 

An ideal analgesic for labor should have a long 
duration of action and provide consistent pain relief, 
minimizing both the physician time needed for main- 
tenance and undesirable side effects (9). With bupiv- 
acaine, intermittent epidural injections for relief of 
pain during labor requires that injections be repeated 
every 92 + 5 min (10), whereas continuous epidural 
infusions need to be checked hourly (11). Intrathecal 
morphine 1-2 mg provides profound analgesia start- 
ing about 60 min after injection and lasting until the 
perineum is distended by the fetus; however, both- 
ersome intrapartum maternal side effects occur in 
72%-100% of the patients (3-6). The doses of intra- 
thecal fentanyl and morphine that we used provided 
pain relief starting within 5 min after injection and 
lasting until perineal distension in 60% of the patients 
and 140 + 51 min of analgesia in the remaining 
patients. Intrapartum side effects, which were easily 
treated with nalbuphine, occurred in only 27% of the 
patients. Intrathecal narcotics may even potentiate 
the effects of subsequent epidural bupivacaine, be- 
cause the duration of effective analgesia from the first 
epidural injection of bupivacaine in this series (170 + 
91 min) was longer than that reported for similar 
doses of epidural bupivacaine without prior injection 
of intrathecal narcotics (92 + 5 min) (10). 

Ideally, analgesia for labor should relieve pain 
while maintaining maternal expulsive forces of labor 
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and motor tone (9). Lumbar epidural analgesia fre- 
quently fails to meet this criterion, because up to half 
of the women receiving lumbar epidural analgesia 
have at least partial motor block at the time of 
delivery (12). Intrathecal narcotics, however, act on 
spinal opiate receptors without affecting motor neu- 
rons so that the patient’s motor function is unim- 
paired (8). 

Patient satisfaction with intrathecal narcotic anal- 
gesia in this series (80%) is comparable with previ- 
ously reported maternal satisfaction with epidural 
analgesia (79%) (13). We have been particularly sat- 
isfied with intrathecal narcotic analgesia in patients 
who had wanted natural childbirth but became over- 
whelmed by the pain of labor, in patients in latent 
labor who have had poor pain relief with parenteral 
narcotics, and in patients in active labor who want to 
remain ambulatory but want pain relief. In addition, 
intrathecal narcotics may be preferable to epidural 
anesthesia for patients who need a high systemic 
vascular resistance to maintain hemodynamic stabil- 
ity, such as patients with Eisenmenger’s syndrome, 
valvular heart disease, or hypovolemia. Since the 
completion of this study, we have administered in- 
trathecal narcotics to one patient with valvular heart 
disease and one patient with recent blood loss from a 
partial placental abruption. Maternal vital signs and 
fetal heart rate patterns did not change in either 
patient, and both had uneventful vaginal deliveries of 
healthy babies without needing further anesthesia. 

One drawback of intrathecal narcotic labor analge- 
sia is the lack of perineal anesthesia for operative 
delivery. The nine patients in this series who did not 
require an epidural during the first stage of labor did 
not report increased pain during the descent of the 
fetal head. All nine obtained good analgesia for their 
episiotomies with pudendal nerve blocks. 

Pruritus and vomiting can cause discomfort for the 
parturient given intrathecal narcotics. The incidence 
of pruritus and vomiting after intrathecal narcotic 
administration varies among different patient popu- 
lations, with patients experiencing the least pain 
generally having the highest inadence of side effects 
(14). Our results corroborate this finding; pruritus 
and vomiting were more common and severe after 
delivery of the baby. We, therefore, started adminis- 
tering prophylactic narcotic antagonists 30 min after 
delivery. Appropriate doses of either naloxone or 
naltrexone should effectively prevent side effects; 
however, the use of naltrexone, an oral long-acting 
narcotic antagonist, avoids the time and expense 
involved in maintaining a naloxone infusion (15). Our 
current practice is to administer naltrexone 25 mg 
orally 30 min postpartum to all patients who deliver 
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vaginally within 12 hrs of receiving intrathecal nar- 
cotics for labor. 

We now routinely offer both intrathecal narcotic 
and epidural analgesia to our laboring patients, and 
intrathecal narcotics now constitute about 8% of the 
labor anesthetics we administer. Opinions about in- 
trathecal narcotics among our obstetrical colleagues 
range from one obstetrician who has suggested re- 
naming the technique “paradise anesthesia” and 
recommends it to all his patients, to others who 
prefer epidural anesthesia to achieve complete per- 
ineal anesthesia for de.ivery. We believe that this 
simple technique is advantageous in many clinical 
circumstances and warrants further controlled stud- 
ies. 
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Two Cardiac Arrests after Needle Punctures in a Patient with 
Mitral Valve Prolapse: Psychogenic? 


Zef A. Abraham, MD, and David Eric Lees, MD 


Key Words: HEART, AsysroLe—mitral valve 
prolapse. 


Emotional stress is known to alter the balance of the 
autonomic nervous system. Painful stimuli imposed 
on an already anxious individual may exacerbate 
autonomic responses. A case is described in which a 
young woman with a history of mitral valve prolapse 
(MVP) suffered two episodes of cardiac arrest after 
needle punctures. 


Report Of A Case 


A 70-kg, 160-cm, 33-yr-old woman presented to the 
pain service in our ambulatory surgery unit for diag- 
nostic epidural block to determine whether visceral 
pathology was the cause of her long history of ab- 
dominal pain (1), initially attributed by her gynecol- 
ogist to endometriosis. Her medical history included 
a 3-month history of occasional chest pain that had 
been attributed to mild mitral valve prolapse after 
workup that included echocardiography. In addition, 
she had mild asthma, her last attack 2 yr previously, 
but was taking no asthma medications. She had had 
both spinal and general anesthesia, without incident, 
for multiple laparoscopies and an abdominal hyster- 
ectomy in the past because of her endometriosis. 
Medications included 400 mg danazol twice a day and 
10 mg propranolol as needed for chest pain, which 
she had taken on the morning of her scheduled 
procedure. Physical examination revealed an appre- 
hensive young woman with an arterial blood pres- 
sure of 120/70 mm Hg and a heart rate of 70 beats/ 
min, without abnormal physical findings aside from 
well-healed and nontender abdominal scars. 
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On arrival in our ambulatory uniz, she was unpre- 
medicated and mildly anxious; an automated sphyg- 
momanometer and electrocardiograph (ECG) leads 
were applied, and a 22-gauge peripheral venous 
catheter was inserted. The patient was placed in the 
right lateral decubitus position and the lower back 
aseptically cleansed and draped. No intraoperative 
sedation was given. With use of a 25-gauge needle 
and tuberculin syringe, 1 mL 1.5% lidocaine was 
injected subcutaneously at the L3-L4 interspace. 
Within approximately 5 sec after needle insertion, the 
patient suddenly developed a sinus bradycardia of 40 
beats/min from an initial rate between 70 and 80 
beats/min that rapidly progressed to asystole; venti- 
lation ceased and the patient lost consciousness. She 
was rapidly placed in the supire position and posi- 
tive pressure ventilation with oxygen was begun. The 
heart rate rapidly returned to 70-80 beats/min as did 
spontaneous ventilation. No resuscitative medica- 
tions were administered because cf the rapidity of 
recovery. The patient then suddenly developed a 
grand mal seizure, which also spontaneously re- 
solved in 5-10 sec. The only therapy given was 
oxygen and airway control by jaw-thrust. 

After approximately 5 min of postictal depression 
during which time the vital signs remained stable, 
there was a return to her normal level of conscious- 
ness. A 12-lead ECG showed normal sinus rhythm at 
75 beats/min without ischemic changes. When a 
25-gauge needle was inserted <o cbtain an arterial 
blood sample, within approximately 5 sec the patient 
complained of chest pain and dizziness, followed by 
a second episode of sinus bradycardia to a heart rate 
of 40 beats/min and then asystole. External cardiac 
compression was started, 0.4 mg IV atropine was 
administered, and controlled ventilation with an Fie, 
of 1.0 via mask and Ambu bag was instituted. An 
arterial blood sample had a pH, of 7.46, Paco, of 29 
mm Hg, Pao, of 181 mm Hg, HCO,” 21 mEq/L, a 
base excess of —1 mEq/L, and an O, saturation of 
99%. Heart rate rapidly returned to 90 beats/min, and 
spontaneous ventilation resumed az 15 breaths/min. 


CARDIAC ARRESTS IN MITRAL VALVE PROLAPSE: PSYCHOGENIC? 


At this point, the procedure was cancelled and the 
patient transferred to the medical intensive care unit 
(ICU) for monitoring and evaluation. 

Subsequent evaluation included: 1) serial ECGs 
that showed normal sinus rhythm and no ischemic 
changes; 2) repeatedly normal plasma levels of car- 
diac isoenzymes; 3) a normal exercise stress test; 4) 
mild mitral valve prolapse on echocardiography; 5) a 
single premature atrial contraction and 2 single pre- 
mature ventricular contractions during 24 hr Holter 
monitoring; 6) a normal chest x-ray; 7} serum levels of 
sodium 138 mEq/L, potassium 4.5 mEq/L, chloride 98 
mEq/L, CO, 27 mEq/L, blood urea nitrogen 11 mg/dL, 
creatinine 0.9 mg/dL, glucose 127 mg/dL, uric acid 
3.4 mg/dL, creatine phosphokinase 94 u/L (normal 
<195), lactate dehydrogenase 161 u/L (normal <273), 
serum glutamic-oxaloacetic transaminase 16 u/L 
(normal <37),serum glutamic-pyruvic transaminase 
22 u/L, GGT 14 WL, alkaline phosphatase 45 W/L, total 
bilirubin 0.3 mg/dL, cholesterol 321 mg/dL (normal 
<240), total protein 7.8 g/dL, albumin 4.8 g/dL, 
calcium 9.2 mg/dL, Pc,” 3.7 mg/dL, globulin 3.0 
g/dL, anion gap 13; 8) hemoglobin 16.2 g/dL, hema- 
tocrit 46.6%, white cell count 8400 cells/mm’, and 
platelet count 53.4 x 10* cells/mm’; and 9) prothrom- 
bin time of 11.6/11.2 and a partial thromboplastin 
time of 21.9/24.2 sec. 

The patient was observed in the ICU for 48 hr 
during which time she remained stable throughout; 
subsequently she was transferred to a medical ward, 
where she continued to do well. She was discharged 
4 days later. 


Discussion 


Cardiac arrest in this patient could be attributed to a 
number of factors acting alone or in concert. These 
include: 1) mitral valve prolapse; 2) a level of anxiety 
high enough to set the stage for psychogenic cardiac 
arrest; 3) the propranolol she had taken; and 4) an 
adverse reaction to lidocaine. 

Mitral valve prolaps2 has been associated with 
various cardiac arrhythmias, often asymptomatic and 
most commonly affecting women in their fourth 
decade, with a reported 1.4% incidence of sudden 
death (2). Common MVP symptoms include palpita- 
tions, syncope, and chest pain. A number of patients 
with this condition present with associated psychiat- 
ric disorders. Sudden death in patients with MVP has 
been attributed to the arrhythmogenic effects of au- 
tonomic, metabolic, and mechanical factors (3). Exer- 
cise stress testing may induce arrhythmias, including 
premature atrial contractions (PAC), premature ven- 
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tricular contractions (PVC), supraventricular tachy- 
cardia (SVT), ventricular tachycardia (VT), and brady- 
arrhythmias (4). 

Psychologic stress is associated with increased 
autonomic activity, involving sympathetic or para- 
sympathetic systems. When stress occurs in the 
“passive” patient who is unable to modify his or her 
position, the cardiovascular response is predomi- 
nantly vagally mediated. When, however, the stress 
occurs in the “active” patient who can modify his or 
her position, the response is usually mediated by the 
sympathetic nervous system (5). The patient de- 
scribed in the previous section would fit the passive 
category. There are many reports of cardiac death in 
which the arrest has been precipitated or influenced 
by stressful life experiences. Electron microscopic 
studies have shown specific myocardial microana- 
tomical changes pertaining to sudden death (6). 
These changes are known as contraction bands or 
coagulative myocytolysis and are the only patholog- 
ical findings in a large proportion of cases of sudden 
cardiac death. These myocardial changes can be in- 
duced in animals by the infusion of catecholamines. 
MVP often occurs in patients with a variety of anxiety 
syndromes characterized by hyperdynamic $£- 
adrenergic secretion (7). 

Pharmacologically active blood levels of proprano- 
lol as a contributing factor in this patient’s cardiac 
arrests are unlikely. Propranolol is known to cause 
atrioventricular dissociation and cardiac arrest in pa- 
tients with preexisting partial heart block through its 
negative chronotropic effect (8). This patient, how- 
ever, was in all likelihood taking a subtherapeutic 
dose (10 mg orally as needed for chest pain) and did 
not have a known preexisting conduction defect. 

An adverse lidocaine reaction is also unlikely. 
Although toxic doses of lidocaine have been associ- 
ated with sinus bradycardia as well as seizures (9), 
the dose administered, 15 mg subcutaneously, is well 
below the toxic dose. A true hypersensitivity reaction 
is also unlikely because she did not develop symp- 
toms typical of an allergic response (e.g., erythema, 
bronchospasm). Allergic reactions to local anesthetics 
usually involve drugs of the ester variety; lidocaine is 
an amide and true allergy to this class is extremely 
rare (10). In addition, this patient served as her “own 
control” in that she developed a second cardiac arrest 
after a mere arterial puncture, without the adminis- 
tration of any drug. 

As mentioned previously, this patient had a 3- 
month history of chest pain before the attempted 
diagnostic epidural blockade, which was attributed to 
MVP as diagnosed by echocardiography. It is unclear 
to what extent the possibility of coronary artery 
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disease was ruled out at that time. Coexisting coro- 
nary artery disease, however, does appear to be 
excluded by the extensive evaluation this patient 
underwent after the two cardiac arrests. 

The patient had no cardiovascular response to 
insertion of a needle for peripheral intravenous infu- 
sion before the needle sticks for initiation of regional 
anesthesia and blood gas sampling, which led to her 
subsequent cardiac arrests. In addition, she had no 
adverse sequelae to peripheral venipuncture for 
venous blood sampling in the ICU. This paradox, 
although difficult to explain, may be attributable to 
the fact that peripheral venous cannulation was per- 
ceived by this patient to be a less painful procedure, 
and as she had previously had venipunctures with- 
out difficulty, she may have been favorably condi- 
tioned to this procedure. 

In summary, a case is presented in which an 
anxious patient with a history of MVP, occasionally 
taking propranolol, suffered two cardiac arrests dur- 
ing an attempted diagnostic lumbar epidural anesthe- 
sia. The probable causative factors discussed in this 
report included MVP and a high level of anxiety 
acting in concert with the cardiac arrests’ being sub- 
sequent to both. It is unclear whether psychogenic 
factors or the MVP were the primary event. The 
possibility of malignant arrhythmia or cardiac arrest 
must not be taken lightly in patients with MVP, as a 
1.4% incidence of sudden death represents a large 
patient population on a basis of an estimated 6% 
prevalence of MVP in the adult population (11). We 
believe that regional anesthesia in patients with MVP 
should be undertaken with proper monitoring, IV 
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access, and the immediate availability of resuscitative 
equipment and medication. Preoperative anticholin- 
ergic and sedative administration should also be 
considered in patients with MVP. 
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End-Tidal Carbon Dioxide 
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The Eschmann Introducer for Endotracheal Tube 
(Downs Surgical, Decatur, Ga) is a hollow, woven, 
flexible stylet that is 60 cm in length. When conven- 
tional endotracheal intubation under direct vision 
cannot be performed because the glottic opening 
cannot be visualized, tracheal intubation may be 
accomplished by placing the Eschmann Introducer 
into the trachea and advancing the endotracheal tube 
over the intraducer. The Eschmann Introducer can be 
placed into the trachea by internal palpation of pos- 
terior pharyngeal and glottic structures or with the 
aid of a laryngoscope, by directing the introducer 
toward the suspected site of the glottis as indicated 
by the posterior pharyngeal and supraglottic struc- 
tures that are able to be visualized. 

One concern with this method of intubation is the 
need for a reliable indicator that the introducer is 
located in the trachea betore advancing the endotra- 
cheal tube. The customery indicator, the feeling of 
“resistance” as the distal tip of the introducer en- 
counters the tracheal carina or major bronchi, is 
subjective and therefore liable to interpretive error. 
Measurement of end-tidal carbon dioxide is reported 
to be a reliable method of assuring tracheal placement 
(1-3). We hypothesized that it should be a simple 
matter to modify the Eschmann Introducer for end- 
tidal gas sampling because it is hollow and modifica- 
tions similar to what would be needed for end-tidal 
gas sampling were recently described (4,5). 

One way to determine whether measurement of 
end-tidal carbon dioxide is a more reliable indicator of 
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tracheal placement than is the feeling of “resistance” 
would be to compare incidences of successful tracheal 
placement with the two techniques in patients requir- 
ing tracheal intubation but in whom the glottic open- 
ing cannot be visualized. However, it would be 
unsafe to undertake such a study without first being 
assured that end-tidal carbon dioxide could be mea- 
sured at least as often as “resistance” could be felt 
with the Eschmann Introducer. Accordingly, the 
present study was designed to determine whether 
the likelihood of end-tidal carbon dioxide measure- 
ment was comparable with that of the feeling of 
“resistance.” For purposes of patient safety, the 
study included only patients in whom the glottic 
opening could be visualized. An Eschmann Intro- 
ducer was modified so that it could be used for gas 
sampling. End-tidal carbon dioxide was measured 
and “resistance” was felt both when the introducer 
was known to have entered the trachea and when it 
was known to have entered the esophagus. 


Methods 


The Eschmann Introducer was modified by drilling 
four holes, 1 mm in diameter, through the wall of the 
introducer and into the central, hollow lumen (3 mm 
ID). The holes were placed on the distal portion of the 
catheter between 2.5 and 4.0 cm from the tip. The 
proximal tip of the introducer was cut off and a 
standard 4 mm ID “female” adapter was attached 
(Figure 1). 

The protocol for this study was approved by the 
Human Subjects Committee of the University of 
Washington. Informed consent was obtained in 35 
patients aged 18 to 65 years of ASA physical status | 
or Il. Patients breathed oxygen through a standard 
anesthesia circle system and mask for 5 min before 
induction of anesthesia. Thiopental 3-6 mg/kg was 
given intravenously to induce anesthesia and pancu- 
ronium 0.1-0.15 mg/kg was given intravenously to 
provide muscle relaxation. Patients were ventilated 
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Figure 1. The distal and proximal portions of a modified Esch- 
mann Introducer are shown. The distal portion was modified by 
drilling four holes, 1 mm in diameter, through the wall of the 
introducer and into the central, hollow lumen of the introducer. 
The proximal portion was modified by cutting off the closed tip and 
attaching a “female” adapter, 4 mm ID, with use of heat-shrink 
tubing and silicon sealant. A route was thus created for drawing 
gas from outside the distal portion of the introducer up through 
the hollow lumen of the introducer and into a gas analyzer. 


with isoflurane in oxygen with use of the circle 
system and mask until the neuromuscular response 
to nerve stimulation disappeared. 

Direct laryngoscopy was then performed. If the 
vocal cords were not clearly visualized, the patient 
was excluded from the study. Where the vocal cords 
were clearly visualized, an endotracheal tube was 
inserted into the trachea and the endotracheal tube 
cuff inflated. The modified Eschmann Introducer was 
passed through the endotracheal tube and advanced 
until “resistance” was encountered or the distal tip 
was 40 cm beyond the mouth. We believed that it 
should not be necessary to pass the introducer more 
than 40 cm beyond the mouth because in adult 
patients the usual distance from the mouth to the 
tracheal carina is 28-32 cm (1). The gas sampling 
tubing from a mass spectrometer (Perkin-Elmer, Ap- 
plied Science Division, Pomona, Calif) was attached 
to the proximal end of the introducer at the adapter. 
Gases from the distal portion of the introducer were 
continuously sampled for 30 sec and mean end-tidal 
carbon dioxide concentration was recorded. Next, the 
gas-sampling tubing from the mass spectrometer was 
removed, and the gas-sampling tubing from a Tri- 
Med system (Biochem International, Inc., Waukesha, 
Wis) was attached to the proximal end of the intro- 
ducer. Gases from the distal portion of the introducer 
again were continuously sampled for 30 sec, and the 
presence or absence of carbon dioxide was recorded. 
With the Tri-Med system, if no carbon dioxide was 
detected after 30 sec, the introducer was pulled back 
5 cm and gases were sampled for an additional 30 sec. 
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Table 1. Incidence of Feeling of “Resistance” and 
Measurement of End-Tidal Carbor Dioxide After 
Placement of Eschmann Introducer into the Trachea or 
Esophagus (N = 35) 





Introducer Introducer in 


in Tracnea Esophagus or 





or Bronehus Stomach 
“Resistance” felt 35/35 0/35 
Carbon dioxide detected by 35/35 0/35 


mass spectrometry 
Carbon dioxide detected by 30/35 0/35 
Iri-Med system* 





‘Initial results: carbon dioxide was detected in :he remaining 5/5 patients 
when the introducer was pulled back 5 cm. 


Once gas sampling from the trachea was com- 
pleted, the Eschmann Introducer was removed from 
the endotracheal tube, the standard circle system was 
attached to the endotracheal tube, and the patient's 
lungs were ventilated. Direct laryngoscopy again was 
performed, the esophagus was visualized, and the 
modified Eschmann Introducer wes passed into the 
esophagus. Gas sampling was aga‘n attempted after 
the steps outlined in the previous paragraph. 

We computed the proportion of cases where “‘re- 
sistance” was felt and where end-tidal carbon dioxide 
was detected both when the introducer was seen to 
have entered the trachea and when it was seen to 
have entered the esophagus. Also computed were 
mean values + sp for end-tidal carbon dioxide during 
0-0.5 min after intubation (sampled via introducer) 
and at 1.5-2.0 min after intubation (sampled from the 
standard circle system). 


Results 


Thirty-five patients met the inclusion criteria of 
clearly visualized vocal cords and esophagus under 
direct laryngoscopy. Mean (+sp) patient characteris- 
tics included age 45 + 13 years, height 165 + 8 cm and 
weight 68 + 10 kg. 

When the Eschmann Introducer was seen to have 
entered the trachea, “resistance” was felt in 35 of 35 
patients (Table 1). Similarly, end-tidal carbon dioxide 
was detected by mass spectrometry in 35 of 35 pa- 
tients. Mean end-tidal carbon dioxide was 28 + 6 mm 
Hg. Carbon dioxide was initially detected in 30 of 35 
patients with use of the Tri-Med system. Thirty sec 
later, after the pulling back of the Eschmann Intro- 
ducer 5 cm, carbon dioxide was cetected in 5 of 5 
patients in whom carbon dioxide was not initially 
detected. 

When the Eschmann Introducer was seen to have 
entered the esophagus, “resistance ’ was felt in none 


= 


CO, MEASURED VIA ESCHMANN INTRODUCER 


of 35 patients. Similarly, end-tidal carbon dioxide was 
detected in none of the 35 patients with either mass 
spectrometry or the Tri-Med system. At 1.5 min after 
tracheal intubation, end-tidal carbon dioxide mea- 
sured by mass spectrometry was 31 + 4 mm Hg. 
Assuming that tracheal placement was the desired 
goal, there were no false positives or negatives with 
the feeling of “resistance” (when the introducer was 
inserted through an endotracheal tube), nor with 
carbon dioxide measurement by mass spectrometry. 
With the Tri-Med system, the initial false negative 
rate was 5/35 and there were no false positive results. 


Discussion 


The results of this study indicate that when the 
Eschmann Introducer is known to have entered the 
trachea, both the feeling of “resistance” or the mea- 
surement of end-tidal carbon dioxide by mass spec- 
trometry are reliable indicators that the introducer is 
in the trachea or bronchus. Measurement of carbon 
dioxide with the Tri-Med system was not a reliable 
indicator that the introducer was in the trachea as the 
false negative rate was 14%. The difference in results 
between mass spectrometry and the Tri-Med system 
probably relates to the difference in gas flow charac- 
teristics of each system. Both the mass spectrometer 
used here and the Tri-Med system aspirate gas at 
about 250 mL/min. However, the maximum negative 
pressure generated by the mass spectrometer (>110 
cm H,O) is substantially greater than that generated 
by the Tri-Med system ‘about 50 cm H,O). Conse- 
quently, the mass spectrometer may overcome partial 
obstruction of side holes on the introducer by tracheal 
mucosa, secretions, etc., allowing end-tidal gases to 
be sampled, whereas the Tri-Med system may not. 
The present results also indicate that when the Esch- 
mann Introducer is known to have entered the 
esophagus, both the feel:ng of no “resistance” or the 
measurement of no end--idal carbon dioxide by mass 
spectrometry are reliable indicators that the intro- 
ducer is not in the trachea. 

It should be emphasized that in this study the 
feeling of “resistance” arid measurement of end-tidal 
carbon dioxide were assessed only after the Esch- 
mann Introducer was placed in either the trachea or 
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esophagus after endotracheal intubation under direct 
visualization. In clinical practice, the Eschmann In- 
troducer generally is used to aid intubation only in 
cases where the vocal cords cannot be directly visu- 
alized. Also, situations may occur where either the 
feeling of “resistance” or measurement of end-tidal 
carbon dioxide may provide misleading information. 
For example, it is possible that “resistance” may not 
be felt when the introducer is in the trachea or 
bronchus when these structures are abnormal, e.g., 
tracheomalacia, tracheocele, bronchocele, etc. ““Resis- 
tance” may be felt when the introducer is not in the 
trachea, e.g., with tumor impinging on the esopha- 
gus or stomach, etc. 

Because reasons for failure with feeling ‘‘resis- 
tance” also would not usually cause failure with 
measurement of carbon dioxide, the authors recom- 
mend that the Eschmann Introducer should be mod- 
ified to permit gas sampling before it is used as an aid 
to tracheal intubation. This procedure would permit 
both “resistance” and carbon dioxide to be used to 
indicate whether the introducer has been placed into 
the trachea or bronchus. One benefit of carbon diox- 
ide measurement is that it is a quantitative, docu- 
mentable measure. A second benefit is that the avail- 
ability of carbon dioxide measurement may reduce 
the need for repeated advancing and withdrawing of 
the introducer that may be necessary to satisfy the 
operator that “resistance” truly is felt. Repeated 
advancing and withdrawing of the introducer may 
traumatize the trachea or bronchus causing edema, 
bleeding, or perforation. 
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Fatal Air Embolism in an Adolescent with Duchenne 
Muscular Dystrophy during Harrington Instrumentation 


Scott A. Lang, MD, Peter G. Duncan, Mp, FRCPC, and Pierre R. Dupuis, MD, FRCPS 


Key Words: ANESTHESIA, oRTHOPEDIC—air 
embolism. EMBOLISM—air. 


Fatal air embolism can occur during a variety of 
surgical procedures (1,2). However, it has not been 
previously associated with the complications of Har- 
rington instrumentation (3,4). We report a fatal out- 
come from this complication and suggest that other 
reported untoward outcomes may have been due toa 
similar pathologic process. 


Case Report 


A 16-yr-old boy with confirmed Duchenne muscular 
dystrophy was scheduled to undergo posterior spinal 
fusion to arrest progressive scoliosis. There was no 
history of either symptomatic respiratory complica- 
tions or any condition compatible with left or right 
ventricular failure. The disease had left him confined 
to a powered wheelchair, with only minimal function 
of his upper extremities. 

Physical examination revealed a 30-kg boy with 
marked scoliosis (Cobb’s angle, 70°) and muscle wast- 
ing who was unable to ambulate. There was a loud P2 
suggestive of cor pulmonale, although the scaphoid 
shape of his chest distorted auscultatory findings. 
Lung fields were clear bilaterally. The electrocardio- 
gram (ECG) revealed a pattern of right bundle branch 
block. Pulmonary function tests documented a forced 
vital capacity (FVC) of 30 ml-kg™’ (1.16 L) and a 
forced expiratory volume (FEV) in 1 sec (FEV;) of 1.1 
L. Results of routine biochemistry and hematologic 
workup were unremarkable. 

Anesthesia was induced with diazepam, droperi- 
dol, sufentanil, and vecuronium. The tracheal was 
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intubated easily. Anesthesia was maintained with a 
sufentanil infusion (initial bolus of 0.5 ug-ke~* 
followed by a maintenance infusion of 0.1-0.2 
ug-ke'-hr~’), 50% nitrous oxide, and intermittent 
intravenous doses of diazepam (total 5 mg) and 
droperidol (total 2.5 mg). 

The patient’s condition was monitored continu- 
ously by means of an ECG, an indwelling radial 
arterial catheter, a 9.375-cm- (3.75-in-) long 16-g in- 
ternal jugular central venous pressure (CVP) catheter 
(with a water manometer), a pulse oximeter, an 
esophageal stethoscope, an oral temperature probe, a 
neuromuscular stimulator, an end-tidal (ET) CO, and 
N, mass spectrometer (System of Anaesthetic and 
Respiratory Analysis [SARA]; SARA is a mass spec- 
tographic system with internal CO, calibration every 
3 hr), and a Foley catheter. Samples were drawn 
intermittently from the arterial line for determination 
of gas tensions and from the CVP catheter for serial 
measurements of hematocrit, platelet counts, and 
coagulation studies (prothrombin time [PT], partial 
thromboplastin time [PTT], thrombin time [TT], fi- 
brinogen concentration, and the direct Coombs’ test). 
When the patient's condition was stable, he was 
turned to the prone position and placed on bolsters. 
The table was level at all times. 

The patient’s course was uneventful through the 
first 4 hr, aside from a gradual reduction in esopha- 
geal temperature from 96.8 to 94.1°F (36 to 34.5°C) 
despite active measures to maintain normothermia. 
Estimated blood loss was 400 mL to that stage; 2 U of 
packed red blood cells had been transfused slowly 
over the previous 90 min. The hematocrit at that time 
was 0.33 (preoperatively 0.39) and the platelet count 
was 118 x 107/L. However, the PT was prolonged to 
16 sec (control 11 sec) and the PTT was 55 sec (control 
30 sec). Fresh frozen plasma was ordered thawed and 
2 U were promptly administered after confirmation of 
the prolonged PT and PTT. 

Over the next hr, the patient’s blood pressure 
decreased progressively from 80/50 mm Hg (preoper- 
ative blood pressure was 90/60 mm Hg) to 50/20 mm 
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Hg with no change in either heart rate (60 beats/min) 
or rhythm. Nitrous oxide was then discontinued. 
CVP decreased to 9 from 14 cm H,O but was 
promptly restored by giving additional blood and 
crystalloid solutions. Acrocyanosis was observed, but 
transcutaneous oxygen saturation remained above 
95% (Fro, 0.5 to 1.0). Arterial blood gas tensions 
revealed an insignificant increase in the A-a Po, 
difference (with use of a standard formula for the 
estimation of alveolar Po, corrected for arterial Paco, 
[Pao, = Fro, X (760 — 47) — 1.25 Paco,] from a 
control of 418 to 494 mm Hg), whereas the Pao, 
remained above 100 mm Hg. The output of urine 
(that was now bloody) had decreased from a control 
rate of 0.75 ml-kg`*-hr™* to near 0. The ETco, con- 
centration decreased only with the onset of hypoten- 
sion (from baseline of 30 to 24 mm Hg). End-tidal N, 
changes were not recorded by the authors; the line 
measurements were made, but the information 
stored in SARA was lost before it could be retrieved. 
The direct Coombs’ test was negative. 

Pharmacologic support of the circulation was now 
begun with dopamine (20-30 ug-kg™!-min~'). Aus- 
cultation through esophageal stethoscope revealed 
no adventitous sounds except those attributed to the 
surgical procedure; auscultation was intermittent to 
increase the mobility of the anesthetist. Because of his 
deteriorating cardiovascular status, the patient’s sur- 
gical wound was rapidly closed and the patient was 
turned to the supine position to facilitate cardiopul- 
monary resuscitation. With the patient in that posi- 
tion, a loud gurgling murmur was now heard by 
auscultation over the precordium; aspiration through 
the central venous catheter produced blood and 
blood only. A tube was inserted into the right side of 
the chest as breath sounds were diminished on that 
side, but no air was present under tension in the 
chest. Pericardiocentesis yielded neither air nor 
blood. In spite of continued resuscitative efforts, the 
patient died. 

At autopsy the next morning, the heart and pul- 
monary vessels were opened under water, with the 
release of unquantified but substantial amounts of air 
from the right ventricle and pulmonary artery. There 
were no other findings of significance. 


Discussion 


Although air embolism is well documented in cranial 
(5-10), cervical spine (10-13), and obstetric (14,15) 
procedures, there are no data documenting the inci- 
dence or clinical significance of embolic phenomenon 
in the prone position during thoracolumbar spinal 
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Table 1. Differential Diagnosis of 
Cardiovascular Instability 





Hypovolemia 
Absolute 
Underestimated blood and fluid losses 
Concealed blood loss (retroperitoneal hematoma, 
free peritoneal blood, pericardial or pleural blood) 
Relative 
Spinal shock secondary to cord trauma or traction 
Anaphylactic or anaphylactoid reaction 
Transfusion reaction 
Cardiomyopathy 
Mechanical Obstruction 
Improper positioning 
Pericardial tamponade 
Tension pneumothorax 
Air or fat embolism 


surgery. However, two cases of fatal fat embolism 
occurring during Harrington instrumentation and 
spinal fusion have been well documented (16,17). 
Another case of fatal fat embolism with scoliosis 
fusion was reported in 1974 but with only scanty 
details (18). Although fat embolism may have con- 
tributed to the clinical picture in our patient, it was 
not demonstrable at autopsy. 

A case of sudden cessation of cardiac output dur- 
ing spinal fusion in a case similar to ours was re- 
ported in 1970 (19). No adequate explanation of the 
events was given, but the events were compatible 
with venous air embolism, though the heart was not 
opened under water at autopsy. 

A case of venous air embolism during spinal sur- 
gery detected by Doppler sonography and right atrial 
catheter aspiration during spinal surgery in the prone 
position was reported by Albin et al. (5) in 1978. 
However, this patient underwent extensive laminec- 
tomy from the cervical to sacral vertebra, and air 
embolism during cervical spine surgery is well de- 
scribed (10-13). More recently, Frankel and Holzman 
(20) reported a case of nonfatal air embolism during 
posterior spinal fusion in a 12-year-old girl (weight 50 
kg). They reported the mass spectrographic conse- 
quences of the event {increase in ETN, and decrease 
in ETco,) and semiquantitatively estimated the 
amount of air entrained as 35 ml-kg~'—most cer- 
tainly a potentially lethal volume even if grossly 
overestimated. 

Although we postulate that the pathological pro- 
cess leading to cardiac arrest in our patient was the 
entrainment of air documented at autopsy, the ante- 
mortem differential diagnosis included a number of 
other possibilities. Table 1 lists some of the factors 
considered in explaining the low cardiac output and 
the coagulopathy that developed in our patient. Al- 
though the association of Duchenne muscular dystro- 
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phy and malignant hyperthermia susceptibility is 
recognized (17), we discounted malignant hyperther- 
mia early because there was no evidence of a hyper- 
metabolic state (i.e. neither the ETco, or the temper- 
ature increased). | 

In considering what happened during anesthesia 
and surgery, we note that our patient remained 
hypotensive despite fluid resuscitation, whereas au- 
topsy revealed no evidence of concealed blood loss, 
focal spinal cord trauma, or cardiomyopathy (21). A 
transfusion reaction was considered probable, but the 
direct Coombs’ test was negative. Although the scaph- 
oid chest may have been easily compressed externally 
during the procedure, repeated checking of the pa- 
tient’s position was negative, and the hemodynamic 
status did not improve after the patient was turned to 
the supine position. Pericardial tamponade and ten- 
sion pneumothorax were ruled out during resuscita- 
tion. Finally, the large amounts of air in the pulmo- 
nary artery and the right ventricle at autopsy 
confirmed the diagnosis of air embolism. 

Whereas we report fatal air embolism during spi- 
nal surgery in the prone position, it is uncertain how 
frequently small amounts of air entrainment might 
occur under these conditions and how such an out- 
come could be prevented. Certainly the use of full 
monitoring must be advocated, as well as the avoid- 
ance of nitrous oxide. However, in the presence of 
thoracic deformity a CVP catheter may not be opti- 
mally placed to permit diagnostic or therapeutic as- 
piration (22,23). The transmission of diagnostic 
sounds by esophageal stethoscopes is impaired by 
extraneous noises, and the transmission of sound by 
the precordial Doppler diaphragm, which is difficult 
to position satisfactorily in a patient such as ours, is 
likewise affected by surgical electrical cautery (10). 
End-tidal gas analysis is an effective means of moni- 
toring for air embolism (24), as is transesophageal 
echocardiography (25), but they require both opera- 
tional capability and a high degree of observer aware- 
ness. 

In conclusion, in reporting this case of fatal air 
embolism associated with performance of Harrington 
spinal fusion, we hope to illustrate the existence of 
the association and to promote appropriate study and 
prevention in the future. 


We thank David A.E. Shephard, MD for editorial assistance and 
Flo Welch for secretarial support. 
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An Inexpensive, Disposable Adapter 
for Increasing the Safety of Blind 
Nasotracheal Intubations 


To the Editor: 


Complications that may involve the patient during blind 
nasal intubation of the trachea include trauma to the nasal 
passage, sinusitis (1), bacteremia (2), and submucosal dis- 
section of the nasopharynx (3). Little attention has been 
paid to possible complications involving the anesthetist 
performing the intubation. Successful intubation may be 
heralded by a stream of upper airway secretions, often 
blood tinged. With the recent isolation of human immuno- 
deficiency virus in saliva as well as blood, this source of 
health worker risk is real (4). 

Donenfeld (5) has described an aid to blind nasotracheal 
intubation that involves the use of the distal end of the 
anesthesiologist’s ear piece -ubing placed loosely inside the 
endotracheal tube. This procedure decreases the risk of 
infection to the anesthetis: but requires that a piece of 
specialized equipment be present and, thereby, poses the 
risk of patient cross-contamination when using the same 
equipment in different patients. 

We recently adapted our technique for blind nasal intu- 
bation by the addition of a simple, inexpensive heat and 
moisture exchanger (HME) (Humid-Vent 1, Gibeck Respi- 
ration, Sweden) on the prcximal enc of the endotracheal 
tube (Fig. 1). This disposable device effectively creates a 
trap for respiratory secretiors if the patient should cough or 
exhale vigorously. We have used this technique on multiple 
patients over the last year aad found it to be most effective 
in preventing the anesthet:st from receiving an earful of 
secretions. The small size of the HME makes it an easy 
addition to our emergency -esuscitation kit. 

The character of the breath sounds is changed somewhat 
by the device and becomes more whistling in nature. The 
resistance to flow offered sy the heat and moisture ex- 
changer is minimal (6) and has not interfered with recog- 
nition of breath sounds emanating from the tube. The 
efficacy of the device to trap very small particles is un- 
known and thus careful attention to good technique re- 
mains mandatory. 

Michael J. Dorsey, MD 

Brian R. Jones, MD 
Department of Anesthesiology 
University of California, San Diego 
San Diego, CA 92103 
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Figure 1. The disposable heat and moisture exchanger (Humid- 
Vent 1) attached to an endotracheal tube during blind nasotracheal 
intubation. 
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Multiple Nerve Palsies after 
Anesthesia—A Complication of 
Nitrous Oxide Use? 


To the Editor: 


Navalgund et al. (1) report an interesting case involving a 
30-year-old diabetic man who underwent pancreatic trans- 
plantation during a 9.5-hr general anesthetic that included 
nitrous oxide. As he awakened from the anesthetic, it was 
noted that he had severe peripheral polyneuropathy in- 
volving the nerves of the distal upper extremities docu- 
mented by electromyography. Throughout their report, the 
authors emphasize the importance of positioning patients 
during anesthesia and surgery and its importance in the 
generation of anesthetic induced neuropathy, and offer as 
differential diagnoses for etiology of the neuropathy 
“mononeuritis multiplex and interstitial fluid accumulation 
during prolonged time and immobility.” 

Clinical description of the patient by Navalgund et al. (1) 
is not consistent with that of the syndrome of mononeuritis 
multiplex, which is generally very painful and typically 
involves a major nerve trunk. The diabetic neuropathic 
picture that they describe is actually more characteristic of 
the more common diabetic polyneuropathy affecting the 
distal extremities symmetrically, usually the feet and legs 
more than the hands, sometimes with motor changes. The 
etiology of diabetic polyneuropathy, although still un- 
known, probably results from metabolic abnormalities in 
nerve tissue. The polyol pathway, through aldosereduc- 
tase, is believed to be stimulated by persistent hyperglyce- 
mia leading to intracellular accumulation of sorbitol and 
osmotic swelling of cells. Hypothesized contributing sub- 
cellular activities include inhibition of myo-inositol uptake, 
altered phosphoinositide metabolism, reduction in sodium- 
potassium-ATPase activity mediated by protein C kinase, 
and axo-glial dysjunction leading to abnormal nerve con- 
duction (2). Treatment of patients with diabetic neuropathy 
with the aldose-reductase inhibitor sorbinil, although not 
affecting intracellular myo-inositol, has resulted in reduc- 
tion of intraneural accumulation of sorbitol and fructose. 
This reduction was associated with regeneration of myelin- 
ated fibers and improvement in nerve conduction (3,4). 

The authors failed to take into account in their differen- 
tial diagnoses a very important cause of peripheral neurop- 
athy that may occur after anesthesia. This patient had a 
9,5-hr nitrous oxide anesthetic (concentration unreported), 
followed by a severe, distal, symmetrical sensorimotor 
neuropathy. Nitrous oxide causes neuropathy because of 
its inactivation of vitamin B, by oxidation (5) and is similar 
to the neuropathy of pernicious anemia. This condition 
involves the spinal cord (posterior and lateral column 
degeneration), peripheral nerves, and the cerebellum (6). 
Clinically, weakness and paresthesias (distal and symmet- 
rical) are noted first, followed by ataxia, loss of vibration 
sense, and spasticity and motor weakness. Electrophysio- 
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logic testing (electromyogram and nerve conduction veloc- 
ity) reveals axonal sensorimotor polyneuropathy with distal 
denervation. Sural nerve biopsy shows rare fibers with 
degenerating myelin. 

Although neuropathy has not been reported in healthy 
patients after brief exposures to nitrous oxide, prolonged or 
repeated exposures may lead to neuropathic changes (7,8). 
Patients who are susceptible, however, have demonstrated 
manifestations of nitrous oxide toxicity with exposures 
shorter (9) than those in the case descrited by Navalgund et 
al. (1). Schilling (10) described two patients with subclinical 
vitamin B}, deficiency who developed polyneuropathy af- 
ter exposure to nitrous oxide for 9) min. Layzer (8) noted 
that patients chronically exposed to ritrous oxide devel- 
oped sensorimotor polyneuropathy with loss of small- 
muscle hand coordination, a finding noted in the patient 
described by Navalgund and cowozkers. The propensity of 
certain patients to develop neurotoxictty, therefore, is in- 
fluenced by their susceptibility. Patients with gastrointest- 
nal abnormalities leading to poor vitamin B,, or folate 
absorption would be expected to be particularly suscepti- 
ble. Drugs may cause megaloblast.c anemia through their 
interference with DNA synthesis or folate antagonism 
(6,11). 

Because nitrous oxide is harmful to susceptible patients 
with as little as 2 hr of exposure (9,10) and may cause 
neuropathy unresponsive to treatment after longer term 
exposure (8), it is wise to avoid nitrous oxide in patients 
with possible vitamin B}, or folate deficiencies, including 
patients with malabsorption syndromes and patients on 
chemotherapeutic drugs that inhibit DNA synthesis (alky- 
lating agents, nucleotide analogues, and others) or folate 
antagonists. Certain anticonvulsants (phenytoin, primi- 
done, and phenobarbital} have also been implicated in 
mildly disturbing folate metabolism ar absorption (6). It 
would be interesting to know whether the patient de- 
scribed by Navalgund et al. (1) had any other signs of B,, 
deficiency, such as megaloblastosis, and the concentration 
of nitrous oxide given to their patiant. 

Benjamin A. Lampert, MD 
Department of Anesthesiology 


St. John’s Regional Health Center 
Springfield, MO 
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In Response: 


We thank Dr. Lampert for his interest in our report of a case 
of multiple nerve palsies after anesthesia and surgery (1). 
As Dr. Lampert states, nitrous oxide neuropathy has been 
reported to occur in healthy persons after repeated expo- 
sures (2-5) and in susceptible patients after shorter expo- 
sures (6-7). Our patient was given 50% nitrous oxide 
during pancreatic transplantation, which lasted 9.5 hr. The 
presence of multiple nerve dysfunction was noted very 
soon after anesthesia. The patients described by Amos et al. 
(6) had a history of megaboblastic anemia. Shilling’s pa- 
tients had subclinical vitamin B,, deficiency and later de- 
veloped polyneuropathy after exposure to nitrous oxide for 
90 minutes (7). Our patient had no malabsorption syn- 
drome leading to deficiency of vitamin B,, or folate. In fact, 
his hemoglobin (144 g/L) and hematocrit (0.42) were unusu- 
ally high for a patient with history of chronic renal failure. 
His mean corpuscular volume was 78 fentoliter and mean 
corpuscular hemoglobin 26 og, indicating microcytosis and 
hypochromia. He was receiving no chemotherapeutic agents 
that inhibit DNA synthesis, such as alkylating agents or 
folate antagonists. Moreover, our patient has been anesthe- 
tized on eight occasions since his pancreatic transplantation 
and has had more than 16 hr of exposure to nitrous oxide in 
concentrations from 50% to 60%. No adverse effect of nitrous 
oxide was observed after these exposures, and the patient's 
motor function continued to improve. 

In summary, the lack of any evidence of susceptibility to 
nitrous oxide toxicity in our patient and the almost imme- 
diate appearance of nerve dysfunction after a single expo- 
sure make nitrous oxide an unlikely cause of his polyneu- 
ropathy. 

Ashok A. Navalgund, mp 

Jonathan Jahr, MD 

Roland Gieraerts, MD 

Juei-Ling Chang, MD 

Glenn S. Price, MD 

Department of Anesthesiology and 
Critical Care Medicine, 

University of Pittsburgh 


School of Medicine 
Pittsburgh, PA 15261 


P. G. N. Garla, MD 
Loyola University Medical Center 
Maywood, IL 60153 
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Imprecise Fentanyl and 
Sufentanil Labels 


To the Editor: 


We have noted that fentanyl and sufentanil ampules con- 
sistently contain 10%-20% more of the agent than the 
ampules’ labels indicate. Many of us are aware of this 
discrepancy and know that an additional arnount is present 
in ampules of single dose vials of many other drugs as well. 
Although this additional volume and dosage may be of 
little clinical significance with many drugs, this cannot be 
said of these extremely potent narcotics. We think that this 
excess amount could have grave clinical significance. 

In Figure 1, the A arrows indicate that the syringe 
plunger is at the 10- or 3-mL mark of the 10- and 3-mL 
Becton Dickinson & Co. syringes respectively. With each 
10- and 3-mL syringe, the B arrow indicates the level of the 
narcotic solution after the entire contents of a 5- or 2-mL 
ampule (according to the ampules’ labels) respectively have 
been aspirated into the syringe. The distance between 
arrows A and B represents the volume of narcotic solution. 
In the figure, the two vials on the left have labels stating 
that they contain “5 mL” and “250 ug/5 mL.” The two vials 
on the right have labels stating that they contain “2 mL” 
and “100 ug/2 mL.” In addition, all of the vials’ labels state 
“50 ug/mL.” As can be seen by observing the differences 
between the A and B arrows, all four ampules contained a 
volume of narcotic solution in excess of the manufacturer's 
claim as printed on the labels. Because the concentration is 
stated on each ampule as 50 g/mL, we conclude that this 
extra volume of narcotic solution represents an additional 
number of micrograms of potent narcotic. If two or more 
vials are drawn up in one syringe, as is common practice, 
the excess volume increases proportionally. Sleep and/or 
ventilatory insufficiency may be induced by the excess of 
drug alone, even in a healthy adult. 

This observation raises several issues in clinical practice: 


1) Is it appropriate and safe for ampules of such potent 
respiratory depressants to be labeled inaccurately? 

2) Does not this excess dosage give the drug abuser a 
source of narcotics? 

3) Should this discrepancy be changed by the manufac- 
turer? 
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4) In the meantime, what should be done with this extra 
volume of drug? Is it simply disposed of when drawn 
up? If so, what about accountability of narcotics? If 
given, is the excess drug charted on the anesthesia 
record; and, if so, how is this amount reconciled with 
the narcotic record (which shows only the ampules’ 
labeled volume as dispensed)? 


We are interested in knowing readers’ views on these 
issues and, in particular, what they do with this excess 
narcotic. 


Robert W. Kennedy, MD 

William Till, Mp 

Jagdip B. Shah, Mp 

Department of Anesthesiology 

Louisiana State University Medical Center 
1501 Kings Highway 

Box 067 

Shreveport, LA 71130 





Perioperative Cardiovascular 
Collapse in a Patient Previously 
Treated with Doxorubicin 


To the Editor: 


The report by Borgeat et al. (1) nicely documents intraop- 
erative cardiovascular decompensation in a patient previ- 
ously treated with doxorubicin. However, Borgeat and 
colleagues (1) are misinformed about the lack of previous 
reports of interactions between anesthetics and doxorubi- 
cin. Cardiovascular complications and death have been 
reported intraoperatively and in the immediate postopera- 
tive period after the administration of anesthetics in pa- 
tients receiving anthracyclines (doxorubicin and daunoru- 
bicin) (2-6). In a review of anesthetic records from one 
institution in 68 patients with a history of anthracycline 
drug therapy, Burrows et al. (4) identified a history of 
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Figure 1. A indicates -he 19- or 3-mL marking of 
the 10- and 3-mL syringes. B indicates the level of 
the narcotic solution in eack syringe. By observing 
the difference betweer the arrows of any particu- 
lar syringe, the volume of the narcotic solution 
can be ascertained. 


congestive heart failure as a risk factor for intraoperative 
cardiovascular complications. Eight patients developed in- 
traoperative hypotension. In two of these patients, moni- 
tored with intraarterial and pulmonary artery catheters 
during the hypotension, which required pressor support, 
exacerbation of primary myocardial dysfunction was docu- 
mented as the cause of the cardiovascu.ar decompensation, 
presumably due to anthracycline cardiomyopathy. 

The patient reported by Borgeat et al. (1) indeed had a 
history of congestive heart failure preoperatively and thus 
was at risk for the cardiovascular cor plications reported. 
When anesthesiologists evaluate these patients preopera- 
tively, it is important that any history of congestive heart 
failure be recognized as a risk factcr fo- sudden and unpre- 
dictable intraoperative cardiovascu.ar decompensation. 
Paul R. Hickey, MD 
Department of Anesthesia 
Harvard Medical School and The Children s Hospital 


300 Longwood Avenue 
Boston, MA 02115 
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In Response: 


The appearance of a severe perioperative left ventricular 
dysfunction in a patient previously treated with doxorubi- 
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cin, prompted us to make a medline literature search for a 
combined or synergic cardiodepressor effect between dox- 
orubicin and anesthetic agents, being aware of the cardio- 
depressing effects of each substance (1,2). However, we 
thank Dr. Hickey for giving us the opportunity to obtain 
more information about doxorubicin and anesthesia as for 
unknown reasons the papers from Burrows et al. (3), and 
Caviale et al. (4) were not quoted on our computer re- 
search. Nevertheless, we completely agree with the fact 
that any history of heart failure in patients previously 
treated with doxorubicin should be recognized as a risk 
factor for sudden intraoperative cardiovascular decompen- 
sation during general anesthesia. Moreover, we would like 
to emphasize how insidious and unpredictable manifesta- 
tions of doxorubicin cardiomyopathy can be during general 
anesthesia. Burrows et al. (3) in a retrospective review, 
described two episodes of intraoperative hypotension at- 
tributed to an interaction between doxorubicin cardiomy- 
opathy and anesthesia. These patients were in severe heart 
failure (NYHA III and IV) taking digoxin, diuretics, and 
vasodilators; however, our patient, who was leading a 
normal life, was taking neither cardiotonics, diuretics, nor 
vasodilators. Her only complaint was of a slight dyspnea 
(NYHA I or II). Nevertheless, she suffered a severe left 
ventricular failure during general anesthesia. 

Our case report illustrates that the anesthesiologists 
should be ready to cope with any cardiovascular decom- 
pensation during general anesthesia, in view of a patient 
previously treated with anthracyclines with or without a 
history of heart failure. 

A. Borgeat, MD 

Department of Anesthesia 

Centre Hospitalier Universitaire Vaudois (CHUV) 
1011 Lausanne Switzerland 
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Heart Synchronized Ventilation 
during Extracorporeal Shock 
Wave Lithotripsy 


To the Editor: 


Drs. Jansson et al. describe in their article on heart synchro- 
nized ventilation an interesting new mode of ventilation for 
patients undergoing general anesthesia for extracorporeal 
shock wave lithotripsy (ESWL) (1). They fail, however, to 
stress one of the main advantages of such heart triggered 
ventilation. 

We have also employed this ventilatory mode in 16 
patients undergoing general anesthesia for ESWL (2). In 
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cate shockwaves. Note that shockwaves always occur during 
apnea at functional residual capacity. 





our technique, the mechanical breath (3 mL/kg) starts 
50-100 msec after the shock wave is fired and ends 20-50 
msec before the beginning of the next QRS complex and 
shock wave (Figure 1). Absence of motion of the stone 
during shock wave delivery is the true advantage of this 
method rather than the minimization of movements of the 
stone during ventilation as with the technique described by 
Jansson, et al. Directing the shock waves to the stone by the 
urologist can be achieved easily and accurately during a 
brief period of apnea. 


Eran Segal, MD 

Azriel Perel, MD 
Department of Anesthesiology 
Sheba Medical Center 
Tel—Hashomier 

Israel 
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Nitroglycerine, Succinylcholine and 
Intraocular Pressure 


To the Editor: 


In a recent article (1), it was shown that the response of 
intraocular pressure (IOP) to succinylcholine used for tra- 
cheal intubation could be abolished by pretreatment with 
nitroglycerine (NTG). We have investigated whether this 
finding was reproducible in an experimental porcine 
model. 

Five igi aie kg) were anesthetized eens 
0.1 mg-kg `h !', pancuronium 0.04 m ekg h T Eiei 
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Figure 1. Effects of nitroglycerine (NTG) and succinylcholine (Sch) 
on end-tidal CO, (EtPCO,), pulmonary artery pressure (PAP), 
intraocular pressure (IOP), intracranial pressure (ICP), central 
venous pressure (CVP), and arterial blood pressure (AP). Ist 
marker, start of NTG infusion; 2nd marker, administration of Sch; 
3rd marker, termination of NTG. (Original recording, chart speed 
= 0.25 mm<sec’'.) 


0.6), intubated, and instrumented (arterial catheter [tho- 
racic aorta], pulmonary artery catheter, cerebral ventricle 
cannula). Ventilation was monitored by end-tidal capnom- 
etry (Et{CO,] ~4.5%). IOP was measured directly with a 
22G Teflon cannula inserted into the right anterior chamber 
(2). 

In our model, intranasal NTG solution (2 mg/3 mL, 1.5 
mL in each nostril) given 3-4 hr after intubation to unstim- 
ulated pigs did not affect the arterial blood pressure or IOP 
curves. NTG was therefore administered intravenously at a 
rate of 2 mg-kg '-h '. Effects are shown in Figure 1 
(between Ist and 2nd markers). Succinylcholine was then 
administered at a dosage of 1.5 mg-kg ' (Figure 1, 2nd 
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marker). The 3rd marker indicates termination of the NTG 
infusion. 

The course of the recorded variables as shown in Figure 
l was reproducible in all five pigs. 

We do not believe that the results reported by Mahajan 
et al. are universally applicable. Whetner this is because of 
species differences, differences in methods (direct vs indi- 
rect IOP measurement, experimer tal vs clinical setting), or 
other reasons requires further investigation. 

Lastly, we wonder how Mahajan et al. could obtain 
mean IOP data to one second decima. point (e.g., 13.86 + 
0.82 in their Table 1). This could not be possible with an 
applanation tonometer, an instrumen: with an accuracy of 
+0.5 mm Hg. We conclude that the succinylcholine contro- 
versy is not yet exhausted. 


J. P. Jantzen, MD 

H. J. Hennes, MD 

T. Wallenfang, MD 

Departments of Anaesthesiology and Neurosurgery 
Johannes Gutenberg University Medical Schoo: 
Mainz, F.R. Germany 
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In Response: 


We thank Jantzen et al. for their interest in our article on 
intranasal nitroglycerin and intraocular pressure during 
general anesthesia (1). After carefully reviewing their com- 
ments, we feel that the controversy in results could be due 
to species difference. Nitroglycerin (NTG) is a direct acting 
relaxant of smooth muscle and is known to cause signifi- 
cant decreases in systemic arterial pressure (2,3), central 
venous pressure, and pulmonary artery pressure (4,5). We 
also observed a significant decrease in mean arterial pres- 
sure and central venous pressure with NTG in our study 
(1). In addition NTG increases intracranial pressure (6). 
Jantzen et al. in their study observed no changes in either 
intraocular pressure (IOP) or in any of the other parame- 
ters, even with a continuous infusion of NTG. They ob- 
served an increase in IOP with succinylcholine, as we 
observed an increase in IOP with succinylcholine, but the 
increase was significantly less in our patients. In another 
study we observed the efficacy of even smaller doses of 
intranasal NTG (0.75 mg) in ameliorating pressor responses 
to laryngoscopy and trachea! intubation (7). 

Lastly, we agree with Jantzen et al. that individual 
readings of IOP cannot be recorded to the second decimal 
point with an instrument of an accuracy of +0.5 mm Hg; 
but they have probably confused the individual IOP read- 
ing with the mean IOP. It is a matter of simple arithmetic 
calculation that when the sum of IOP readings is divided by 
the total number of cases to zet the mean JOP, it can result 
in figures with 2 or more decimal points. However, for ease 
of presenting data we have reported only to the second 
decimal point. 

V. K. Grover, MD, MNAMS 
Suman Sharma, MD 
Department of Anesthesiology 
Postgraduate Institute of Medical 


Education and Research, 
Chandigarh, India 
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Smithisms 


To the Editor: 


For almost 40 years, I have been endeavoring to instill in 
the minds of interns and residents memorable phrases or 
thoughts to help them remember useful information and 
techniques. A few have been entitled “‘Smithisms.”’ I offer 
some of them to my fellow anesthesiologists, and those in 
training, with the thought that they may in some small way 
contribute to bettering one’s life and work and perhaps 
save a life. For example: 


When doing a difficult spinal, epidural or intubation, 
concentrate only on your task; ignore everything else. 

When intubating, make haste slowly. 

When inducing anesthesia in children, and especially 
infants, airway obstruction is usually caused by soft 
tissues and is usually relieved by slight positive 
pressure on the breathing bag during inspiration, 
thus avoiding the laryngospasm associated with oro- 
pharyngeal airways. 

When using thiopental and succinylcholine for rapid- 
sequence induction, wait long enough for the combi- 
nation to be completely effective. 

When dealing with poor-risk patients, remember how 
porcupines make love—gently, very gently. 

How can one administer an intelligent anesthesia with- 
out knowing what is going on at “the other end of the 
table”? Drapes attached to the IV poles obscure one 
of the most valuable sources of information, the 
surgical procedure. 

The most important object in the operating room is the 
patient, not the machinery attached to him. 

For all its faults, the human brain is still the most reliable 
computer available. 

Use small-bore IV needles in awake patients; use large- 
bore needles in sleeping patients. 

Sloppiness is the best way to get into trouble, especially 
in emergency situations. Be neat! 

General anesthesia is induced, controlled, short term 
coma. The antidote to coma is pain, i.e., surgery. Use 
one to control the other. 

Attempting to topically anesthetize a moist mucous 
membrane is akin to voiding in the ocean to alter the 
salinity; IV scopolamine is still the best agent to dry 
mucous membranes so that the anesthetic agent is 
more effective. 

Don’t sell nurse anesthetists short. Even experienced 
anesthesiologists can glean valuable pearls from a 
nurse anesthetist’s experience. 

Try clearing your throat by fully extending your neck 
and trying to swallow. This is what some people 
expect of half-awake patients. 

The best way to obstruct a toothless infant’s airway is to 
pull up on the mandible. 
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Anesthesiologists and surgeons must work as partners, 
not as adversaries. 

Muscle relaxants are too frequently used to disguise an 
insecure anesthesiologist’s ineptitude. 

If you're working hard at “anesthesia,” perhaps you are 
doing something wrong. “Anesthesia” by an expert 
usually looks easy. 

If you treat every case, even the simplest, as if it were the 
most difficult you ever did, you are less likely to get 
into trouble. 

Drugs and procedures cycle. Today’s new advances in 
drugs or techniques will probably be forgotten or 
contraindicated tomorrow. 

If you discover a new technique, you can usually figure 
someone else has already discarded it. 

Graduating from a famous university or hospital doesn’t 
make you any more intelligent; it only makes you 
think you are. 

When intubating and you cannot find the glottis, some- 
times using the right hand to move the thyroid 
cartilage back and forth in a lateral movement several 
times will frequently reveal the glottis. 

When inserting an endotracheal tube, it is useful to 
rotate it very rapidly 90° anticlockwise and then 90° 
clockwise as it passes between the cords, 

Experience is what you have left after you've made a lot 
of mistakes. 

Yawning under spinal anesthesia may be a symptom of 
hypoxia. 

It is much easier and safer to give multiple small doses of 
drugs intravenously than it is to get the drug out. 
Give IV drugs in small amounts and observe the 
patient each time. 

A kind word, given with confidence, is better than 25 
mg of diazepam. 

A good surgeon deserves a good anesthesiologist; a poor 
surgeon needs one. 

Some surgeons use retractors to keep the wound from 
healing before they are finished with the operation. 

The key to starting IVs is patience. Leaving a tourniquet 
on an extra 2 min makes a world of difference. 

When trying to judge blood loss, the last person to ask is 
the surgeon. 

Noisy breathing is obstructed breathing, but obstructed 
breathing may not be noisy. 

Heavy smokers have much to cough up. 

When looking directly at the easier way to do a thing, 
especially for long periods, you will not see it. 

An ounce of application is worth a pound of abstraction. 

The three requirements of a good anesthesiologist: A big 
tube in the trachea; a big needle in a vein; and a roll 
of adhesive tape. 

If he had one Betz cell, he’d have a foreign body 
reaction. 

Complications vary inversely with the skill of the anes- 
thesiologist. 

If a 9- or 10-mm tube should kink during a procedure, 
you can usually push a 7- or 7.5-mm tube, uncuffed 
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and lubricated, through the lumen of the kinked area 
in the tube. 


Ray T. Smith, jr., MD 
Department of Anesthesiology 
Baystate Medical Center 
Springfield, Massachusetts 


Limit(ation)s for ACT 


To the Editor: 


Seldom do clinical tests of coagulation provide the degree 
of precision advocated by Gravlee et al. (1). Three problems 
exist with measurement of activatec coagulation times 
(ACT) in the clinical setting. First, the most widely used 
mechanical ACT device and the one used in their study 
(Hemochron, International Techn:dyne Corporation, Edi- 
son, New Jersey) is provided without a standard with 
which to verify that the device is working properly on a 
day-to-day basis (timer, constant temperature, detector, 
consistent rotation, etc). The reagent, diatomaceous earth, 
is a naturally occurring substance with lot-to-lot variability 
and may change reactivity over time. Published control 
values and range of normals performed by the manufac- 
turer on a lot-to-lot basis regularly over time are not 
available. In fact, since the studies by Young (2), there has 
been at least one change in the reagent supplied by the 
company (3). In the absence of company-provided stan- 
dards, operators are encouraged to establish their own 
controls and expected range of normals. This kind of 
quality control and standardization is seldom, if ever, done 
outside the laboratory. Thus, the zerm “baseline” or 
“control” is applied to the first number obtained from the 
patient and used as a reference. Know-ng what a “normal” 
value is would enhance our accuracy of determining the 
beginning status of the patient’s coagulation as well as the 
reliability of the test. 

Second, strict adherence to technique for reproducible 
results is mandatory. In visiting a r.umber of institutions we 
have noticed there is virtually no standard technique in 
operating rooms. The volume injected, degree of agitation 
prior to insertion, when the timer is started and tempera- 
ture of the tube, blood, and device varied in combination 
and degree. For example, using the same patients; blood, 
starting with the device and tubes at 17.2°C (room temp), a 
control value was 162 sec. With the device pre-warmed and 
the tube at room temp, the value was 146 sec. With both 
tube and device pre-warmed, the value was 110 sec (co- 
efficient of variation on duplicate samples was 1.2 to 2.2%). 
Similar discrepancies can be shown with different degrees 
of agitation. 

Third, changes in the patient population may alter the 
results. The data from Gravlee et al. show significantly 
lower post-protamine than pre-heparin values. Although 
patients were excluded if they had been given heparin in 
the preceding 12 hours, the data strongly suggest heparin 
effect. Our retrospective clinical data (Table 1) are similar 
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Table 1. Clinical Data 


ACT (Sec + SD) 

Before Heparin After Protamine N 
May 1982 138 + 14 134 + 12 51 
May 1983 133 + 19 133 + 14 48 
May 1984 137 + 16 126 + 16* 46 
May 1985 146 + 17 138 + 14* 50 
May 1986 150 + 18 149 + 16 42 
May 1987 158 + 21 144 + 25* 33 
May 1988 155 + 20 146 + 25* 36 


ACT (Hemochron) values obtained from clinical records for the month of 
May of represented years. Comparison of preheparin and post-protamine 
statistical analysis by paired t test. Significance at p < 9.05". 


Table 2. Study Data 
ACT (Sec + SD) 
(P = Pediatric; A = Adult) 


N Before Heparin After Protamine 


1976 (4) (P) 16 99 + 6 99 + 12 
1987(5) (P) 22 125 +14 122 + 18 
1980 (6) (A) 50 110 + 13 113 + 13 


ACT (Hemochron) values obtained from our clinical investigations using 
consistent controlled methodology. Mo patients received prestudy anticoag- 
ulants. No significance (p < 0.05) between preheparin and post-protamine 


values by paired t test. 


and may reflect the frequency of heparin therapy in our 
increasing population of patents with unstable angina for 
coronary artery surgery. Pratarmine is not a procoagulant 
and we are unaware of any study demonstrating improved 
coagulation following cardiodulmonarv bypass. 

The convenience of the automated ACT is largely re- 
sponsible for its widespread use; however, bringing the 
laboratory to the bedside has its problems. Provision of 
equipment and materials with integrated quality controls 
for convenience and reliability is necessary. Regular control 
and testing of reagent and a tube containing a standard 
with which to verify machine function are needed to permit 
predictability. Even the limited precision and accuracy may 
be easily lost by the manner in which the automated ACT is 
most often utilized. Operator attention to detail including 
standardized agitation and consistent temperature of com- 
ponents as well as adherence to established procedure is 
mandatory to obtain meaningful results. Reproducible ACT 
values may be obtained (Table 2) only when consistent, 
controlled methodology, including exclusion of preopera- 
tive anticoagulant therapy, are employed. 


The lowest safe limit of heparin effect may never be - 


known. A prospective study in man whose endpoint is the 
demonstrable initiation of ccagulation is unjustified on a 
risk/benefit basis. Instead, reliably demonstrated absence of 
the event is accepted as a guide. This may be reached by 
any of a number of methods and observations of which the 
ACT is only one and the value of 400 sec a prudent, but not 
necessarily precise lower limit. It will be less precise and 
less prudent if values are obtained by poor methodology. 
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In Response: 


Thank you for the opportunity to respond to the informa- 
tive letter of Jobes, Campbell, and Ellison (1). I respect their 
expertise in activated coagulation time (ACT) technique 
and find their comments generally harmonious with the 
clinical report I co-authored (2). I second their plea for 
standardization of ACT technique and for a bloodless 
solution or tube that would permit standardization of 
Hemochron (International Technidyne Corp., Edison, NJ) 
devices. A mechanism using lyophilized bovine plasma is 
undergoing evaluation (3). Recently GA Harrison* and I 
used five Hemochron machines to perform 10 simultaneous 
saline clotting times on non-anticoagulated cardiac surgical 
patients using standardized technique. One machine pro- 
duced significantly lower clotting times. In fairness to the 
manufacturer, these machines had not undergone internal 
calibration procedures for several years. This procedure can 
be performed by local biomedical engineering services and 
is recommended at least annually (3). 

I believe that the ACT technique used in our report was 
well standardized, as judged by control and post- 
protamine ACT standard deviations comparable to those of 
Jobes et al. (1). We could not achieve their best coefficient of 
variation (CV) range (1.2-2.2%) probably because we did 
not pre-warm the ACT tubes. I think that most centers 
would find tube pre-warming impractical, and the CV 
values we reported for ACT-control (3.9 + 5.0%) and 
ACT-protamine (3.1 + 2.7%) using room-temperature 
tubes are clinically acceptable (2). We reported increased 
ACT variability during anticoagulation for cardiopulmo- 
nary bypass (CPB) not so much to advocate better precision 
(though this would be desirable) as to caution clinicians 
against unrealistic expectations when using ACTs to select 
heparin or protamine doses. 

Jobes et al. (1) noted our incidental finding that ACT- 
control usually exceeded ACT-protamine, a finding they 
attribute to a heparin effect upon ACT-control in some 
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Table 1. Coagulation Tests in 21 Cardiac Surgical Patients 


Mean + sp Range 
Preoperative APTT 25.9: 22 21.9-30.4 
Postoperative APTT 35. b 25.9" 24.6-45.0 
Preoperative ACT 141 + 16 111-175 
Postoperative ACT 125 + 14+ 90-156 


Ail numerical values expressed in seconds. 
*P = 0.0001, compared with preoperative APTT (paired 2-tailed t-test). 
tP = 0.000, compared with preoperative ACT (paired 2-tailed t-test). 


patients. I must differ with their explanation. Although I 
agree that preoperative heparin use has increased and 
acknowledge that its effects can accumulate and linger, our 
report failed to note that the patients studied could have 
received only intravenous heparin preoperatively, usually 
as a continuous infusion. The 12-hour discontinuation 
period represents slightly more than six half-lives for hep- 
arin-induced clotting time prolongation from intravenous 
bolus doses below 200 IU/kg (4). The longest individual 
half-life reported under those conditions was 214 minutes 
(4). With rare exception, one would expect ACT prolonga- 
tion from preoperative heparin to have fully dissipated by 
the time the ACT-control samples were taken. Further, we 
have reproduced post-protamine ACT reduction in a group 
of 21 cardiac surgical patients who received no preoperative 
heparin (Table). Activated partial thromboplastin times 
(APTTs) are also reported because that test is more sensi- 
tive to heparin-induced prolongation than the ACT (5). 
Postoperative APTT and ACT samples were collected 5 
minutes after completing protamine infusion, at which ime 
each patient had undetectable blood heparin concentra- 
tions by automated protamine titration (HemoTec Inc., 
Englewood, CO). Preoperative ACT exceeded post- 
protamine ACT in 17 of 21 patients, while preoperative 
APTT exceeded post-protamine APTT in just 1 patient. The 
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opposite directional trends in ACT anc APTT are confusing 
but genuine, and do not require a heparin effect. 

If not because of heparin, why might preoperative ACT 
exceed post-protamine ACT? Using plasma fibrinopeptide 
A levels as a marker of plasma coagulation activity, surgery 
activates the coagulation cascade (6). This might decrease 
ACT or APTT below their preoperative values. If so, why 
wouldn’t APTT show the same post-protamine trend as 
ACT? APTT is probably more sensitive than ACT to CPB- 
induced dilution of plasma coagulation factors. Small post- 
CPB APTT increases might also reflect unneutralized 
plasma heparin concentrations below the detection thresh- 
old for ACT or automated protamine titration; or protamine 
excess below the sensitivity of ACT. 


Glenn P. Gravlee, mp 
Department of Anesthesiology 
Bowman Gray School of Medicine of 
Wake Forest Untversity 
Winston-Salem, NC 27103 
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Book Reviews 


General Anaesthesia 5th Edition 
Edited by J. F. Nunn, J. E. Utting, and B. R. Brown, Jr, 
Boston, Butterworths, 198S, 1434 pp, $150.00. 


With the retirement of Cecil Gray, the fifth edition of 
General Anaesthesia has taken on a more international flavor, 
with Burnell Brown joining the editorial team. Although 
the 132 authors are from nine countries, principally the 
U.K. and the U.S.A., the British impact extends beyond the 
extra “a” in the title—e.g., the advice in the obstetrics 
chapter to “have the surgeon and ‘sister’ unscrub and 
help” requires a second reading by most readers residing 
west of the Atlantic. Fortunately the book retains its title for 
historical reasons only and covers all aspects of anesthesia, 
including regional, ICU, and pain clinic. Large volumes 
such as this are used primarily as a reference, and this 
reviewer used the 42 sets of questions prepared for the 1989 
Spring Oral Boards as the basis for his review, checking 
each question against the index and table of contents. 

On the basis of that review, the book is an excellent 
reference with a particularly fine index (although “‘intes- 
tinal obstruction” was not cited despite the specific section 
in the chapter on abdominal surgery). The frequent refer- 
ences to other chapters reflect tight editing of the individ- 
ually authored chapters, but the organization of the chap- 
ters into eleven sections renging from “Fundamentals of 
Anesthesia” through ‘’Preop Period” to “Postop Period” 
and “Medicolegal” does create confusion. Information on 
renal aspects of anesthesia must be sought in chapters on 
“Effects of Anesthesia and Surgery on Renal Function” 
(“Fundamentals Section”), “Pre-existing Renal Disease” 
(“Preop Period”), and/or “Anesthesia for Patients with 
Renal Disease” (“Special Problems”). This repetition is 
both a strength and weakness, permitting several authori- 
ties to address a subject from a different perspective. For 
example, the risk of prior myocardial infarction in the 
anesthetized patient is allud2d to in the chapter on vascular 
surgery, discussed in the chapter on patients with dysfunc- 
tion of the circulatory system, and dissected in the chapter 
on preoperative assessment 

Chapters even in the same section vary greatly, with 
some—such as the obstetrics chapters—providing sound 
physiologic basis for the recommendations that follow for 
specific conditions and others, such as the chapter on 
neonatal anesthesia, being confined strictly to reviewing 
the physiologic basis for general recommendations, with- 
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out mention of specific conditions. The only statements 
found with which this reviewer would take exception were 
the flat statement re “recurization” in the chapter on 
“Postoperative Recovery” and the endorsement of micro- 
aggregate filters when administering whole blood in the 
chapter on “Trauma and Surgery.” 

In summary, the fifth edition of General Anaesthesia 
continues the tradition of excellence, although the book has 
not quite achieved the international flavor referred to in the 
preface. Clearly the text belongs in every anesthesia depart- 
ment library but may be too dear at the list price for all 
anesthesiologists to buy. 


Norig Ellison, Mp 
University of Pennsyloania School of Medicine 
Philadelphia, Pennsylvania 


Clinical Anesthesia 

Edited by Paul G. Barash, Bruce F. Cullen, and Robert K. 
Stoelting, Philadelphia, J. B. Lippincott, 1989, 1575 pp, 
$95.00. 


This 7-pound, 55-chapter newly arrived text is the latest 
addition to the ever-expanding library of anesthesia text- 
books. Webster's Dictionary defines a ‘textbook as “a book 
used in the study of a subject, one containing work relevant 
to the study of a subject.” Whether this new textbook 
contains all that is relevant to anesthesiologists and nothing 
that is not is a matter of judgment. The acid test of a good 
textbook, in my opinion, is the ease and frequency with 
which we find answers to our questions, without having to 
resort to subspecialty books. If my test is valid, then Clinical 
Anesthesia is a textbook par excellence. 

The 86 contributors cover the basic and clinical sciences 
of anesthesia as well as critical care and pain management. 
Most chapters are as thorough and complete as is reason- 
ably possible, and the book can be carried around without 
dislocating a shoulder. 

The majority of chapters include the most recent devel- 
opments in our specialty. The chapter on history of anes- 
thesia includes a paragraph on “Women in Anesthesia” 
(and one on “Anesthesia in Canada,” for reasons not clear); 
the chapter on legal aspects of anesthesia includes the 
complete ASA “Standards for Basic Intra~-Operative Moni- 


146 ANESTH ANALG 
1989;69:145-7 


toring” and a guide on “What to Do When Sued” (this will 
probably become a popular Board question); the chapter on 
operating room hazards includes paragraphs on impair- 
ment, stress, and suicide among anesthesiologists; the 
chapter on “Research Design and Statistics” provides tips 
on how to read critically scientific reports. 

Is there room for improvement? I believe there is. The 
editors, wisely, refrained from contributing chapters to the 
book and concentrated on editing. However, there is a lack 
of uniformity in structure and style among the chapters. 
Uniformity would help the reader find specific information 
when searching through the various chapters. 

The chapter on physics would probably intimidate the 
bravest of the clinical anesthesiologists. Among its 94 
equations you can find the one on “resonant angular 
frequency,” and among its 44 figures, the one on the 
“fluorescence quenching phenomenon.” If you did not 
know what gases are “compressible fluids,” you may never 
find the section on the common gas laws. 

Neither the chapter on muscle relaxants nor the one on 
monitoring provides sufficient information on elementary 
neuromuscular transmission monitoring. The chapter on 
muscle relaxants incorrectly describes the correlation be- 
tween train-of-four and single twitch depression. The re- 
turn of the Ist, 2nd, or 3rd response of train-of-four 
correlates with 90%, 80%, or 75% of single twitch depres- 
sion respectively. 

A few minor typographical errors are scattered about; 
certainly Lippincott’s word processors can weed them out 
before the next edition appears. The body mass index is the 
ratio of the body weight, (kg)/height* in meters and not as 
stated on page 434. Chapter 25, entitled “Acid Base, Blood 
Gas, Electrolytes,” contains no significant discussion of 
electrolytes. Electrolytes are discussed in chapter 27. 

Since massive blood loss regularly occurs in the operat- 
ing room, the reader could benefit from an algorithm on 
blood component replacement during massive transfusion. 
Particularly useful would be a guideline on when and in 
what proportions should the various components of blood 
as well as sodium bicarbonate and calcium (if at all) be 
administered. The chapter on “Nutrition, Fluid, and Elec- 
trolytes’’ does not mention the recent evidence that the 
composition of nutrition affects the patient's response to 
various drugs in general and to anesthetic drugs in partic- 
ular. 

The authors of the chapter on “Anesthesia for Genitouri- 
nary Surgery” quote an obsolete concept from a 1957 
publication on the cause of a coagulopathy in transurethral 
prostatectomy patients. More recent studies clearly show 
that the common cause is disseminated intravascular coag- 
ulation accompanied by a secondary fibrinolysis (Friedman 
et al.: Arch Intern Med 124:341, 1969). 

In the preface to the book, the editors state that their 
goal was “to create such a comprehensive usable book in a 
single volume.” This they have accomplished. The book 
will be cherished by all members of the anesthesia team, 
whether they are in training or already accomplished anes- 
thesiologists and anesthetists. 


BOOK REVIEWS 


Isaac Azar, MD 
Department of Anesthesiology 
Beth Israel Medical Center 
New York, New York 








Effective Hemostasis in Cardiac Surgery 
N. Ellison and D. R. Jobes, eds. Philadelphia: W. B. 
Saunders, 1988, 209 pp, $75.00. 


This monograph was derived in part, from sessions held 
during the 1987 annual meeting of the Society of Cardio- 
vascular Anesthesiologists and as such it represents the 
second in an annual series of similarly produced mono- 
graphs. Although diminutive by comparison with many of 
our more standard text books, it is brim full of clearly 
written, current, “state of the art” discussion of hemostasis 
in cardiac surgery. 

The text is comprehensive in its treatment of the topic 
and the individual chapters are virtually freestanding, 
in-depth, discussions of each subtopic. Despite this, the 
book flows well together and leads in a logical progression 
to the closing chapter which, in turn, neatly synthesizes the 
elements into a cohesive approach to the basic clinical 
problem—how to deal effectively with hemostatic problems 
in the cardiac surgical patient. Standout chapters are iden- 
tified only with difficulty because the quality is uniformly 
high. However, Dr. Jan C. Harrow’s discussion of prota- 
mine is one of the best concise reviews of the topic that I 
have seen to date. The chapter includes a very well-done 
historical perspective on protamine and provides a current 
presentation of the pathophysiology underlying adverse 
responses to protamine. Drs. Marengo-Rowe and Leveson, 
in what some would consider a controversial approach, 
present a strong case for the occurrence of accelerated 
fibrinolysis as a cause of excessive bleeding after cardiopul- 
monary bypass. They argue cogently for the use of antifi- 
brinolytic agents in the treatment of that condition. The 
opposite end of the coagulation spectrum is well discussed 
by Drs. Judith A. Fabian and Lauraine Stewart in their 
consideration of fibrinolytic therapy and its implications for 
the patient who becomes an operative candidate. The 
discussion of platelet function by Drs. Campbell and Ad- 
donizio is an excellent synopsis of the current state of 
knowledge of platelet physiology and of the interactions 
between platelets and the apparatus necessary for cardio- 
pulmonary bypass. This chapter is nicely complemented by 
the discussion of desmopressin acetate and its use after 
cardiopulmonary bypass written by Dr. J. Anthony Ware. 
Two chapters discuss the viscoelastic properties of clot 
formation and dissolution and also describe associated 
instrumentation (the thromboelastograph and the Sono- 
clot) while nicely presenting the more recent advances in 
the use of these instruments to diagnose, at least qualita- 
tively, the hemostatic abnormalities associated with cardiac 
surgery. 

The book is well published and well edited. There is 
abundant use of appropriate illustrations to clarify the 
authors’ concepts. In short, this is a quality production and 
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definitely deserves the attention of those of us involved in 
perioperative care of cardiac surgical patients. 


Richard F. Davis, MD 

Department of Anesthesiology 

Portland Vererans Administration Medical Center 
Portland, Ore 


Ilustrated Manual of Regional Anesthesia 
P. Raj, H. Nolte, and M. Stanton-Hicks. Berlin: 
opringer-Verlag, 1988, 396 pp, $585.00. 


At first impression the design of this monumental book is 
imaginative and innovative. The use of numerous transpar- 
encies to demonstrate the anatomy and the approaches for 
various regional anesthetic techniques makes it extremely 
useful for teaching purposes. 

Unfortunately, there are also drawbacks with the ap- 
proach used by the authors. This illustrated manual of 
regional anesthesia probably should not be considered as a 
single book in the classical sense but rather as two separate 
educational tools. The soft-covered manual could stand 
alone as a brief description of regional anesthetic tech- 
niques. However, if one considers the manual by itself it 
has certain advantages and disadvantages. The primary 
advantage is that the various techniques are simply pre- 
sented with sufficient illustrations that the manual could be 
used as an aid in the performance of regional anesthetic 
techniques in an operating room environment. However, 
in the manual’s current fcrm, it duplicates many of the 
other technique books that have been published such as the 
classical books by Bonica or Moore and more recent publi- 
cations including that by one of the authors, Dr. Raj. 

This manual does reflect the excellent clinical skills of the 
three authors. Chapter 1 on principles of management is 
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probably the weakest chapter, particularly with regard to 
the section on the basic principles of action of local anes- 
thetic drugs. The remaining chapters that describe the 
various blocks following an anatomical classification are 
basically well presented. 

Clearly it is the second portion of this book that distin- 
guishes this work from other textbooks of regional anesthe- 
sia. The loose-leaf binder containing an incredible number 
of transparencies is what makes this innovative and imag- 
inative. The removable plates that illustrate the techniques 
for almost every regional anesthetic procedure provide an 
excellent opportunity to teach not only the anatomy in- 
volved in regional anesthesia but also the approach that is 
necessary to block specific nerve entities. 

A potential disadvantage is the fact that the transparen- 
cies can be lost or misplaced. It is not clear whether the 
publishers will offer a program for replacing lost transpar- 
encies. In addition, the major drawback to this work 
involves the cost of the manual. This probably is one of the 
most expensive works in anesthesia. 

Thus, this is probably not a manual that will be widely 
purchased by individual practioners. However, it is clearly 
a manual that probably belongs in every teaching depart- 
ment of anesthesia since it does provide an excellent means 
of demonstrating all of the regional anesthetic techniques to 
residents and staff who are not experts in the practice of 
regional anesthesia. 

In summary, although there may be drawbacks to this 
manual, the authors are certainly to be congratulated for 
the enormous efforts that were required to develop this 
innovative manual of regional anesthesia. 


Aaron J, Gissen, MD 
Department of Anesthesia 
Harvard Medical School 
Boston, Mass 


Erratum 


In “The Effect of Epidural Sufentanil on Shivering and Body Temperature in the 


Parturient,” published in the April issue, pages 530-3, two measurements are 
misstated. Page 530, column 2, line 34 should read “0.2 mg of epinephrine,” and 
on page 531, line 3 of the caption for Figure 1 should—again—read “0.2 mg.” 
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As with all potent opioids, profound 
analgesia is accompanied by respiratory 
depression and diminished sensitivity to 
CO, stimulation which may persist into or 
recur in the postoperative period. Appro- 
priate postoperative monitoring should be 
employed to ensure that adequate spon- 
taneous breathing is established and main- 
tained prior to discharging the patient 
from the recovery area. 
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Carbon Dioxide and Hepatic Circulation 


Simon Gelman, MD, PhD 





The study by Fujita and collaborators (1) examined 
the effect of hypo- and hypercarbia on hepatic circu- 
lation and function. The results of the study partially 
confirm but partially contradict some observations 
already available in the literature. For example, Fujita 
et al. (1) observed a decrease in hepatic arterial blood 
flow during hypocarbia while Gelman et al. (2) dem- 
onstrated an increase in hepatic arterial blood flow. 
Fujita et al. (1) observed a decrease in hepatic oxygen 
uptake during hypercarbia while Thomson et al. (3) 
observed an increase. The relevant question here is 
who is right and who is wrong? Who made a mistake 
during the experiments? The answers to such ques- 
tions are not always easy. This editorial attempts to 
address these questions and to place the Fujita et al. 
(1) work in perspective. 

In clinical settings, as well as in experimental 
laboratory environment while performing studies on 
the whole animal, we are dealing with an extremely 
complex combination of factors affecting one or an- 
other organ’s function, including hepatic circulation 
and function. Such a combination consists of anes- 
thesia per se, surgical stress opposed to different 
degrees by one or another type of anesthetic manage- 
ment, controlled ventilation with subsequent 
changes in intrathoracic pressure, as well as in gas 
exchange. Obviously, this combination includes 
changes in blood volume and functions of other 
organs and systems through which hepatic circula- 
tion and function might alter (4). 

Anesthetics alter the splanchnic circulation by 
different mechanisms acting on the various factors 
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controlling splanchnic blood flow. Systemic hemody- 
namics (cardiac output, blood volume, vascular resis- 
tance, blood pressure), neural and humoral mecha- 
nisms (including the release of stress hormones and 
mediators such as cortisol, catecholamines, anti- 
diuretic hormone, etc.), and changes in oxygen re- 
quirements are the main factors, directly and indi- 
rectly affecting the splanchnic and hepatic circulation 
during anesthesia. 

The mechanisms of hepatic circulatory disorders 
during surgery apparently involve tractions and ma- 
nipulations on the viscera. However, the main role 
probably belongs to a general biological response to 
stress: laparotomy causes marked mesenteric vaso- 
constriction and a decrease in blood flow through 
gastrointestinal tract which can be completely abol- 
ished by hypophysectomy (5). Surgical stress is usu- 
ally associated with a release of various hormones 
and substances, including catecholamines, renin- 
angiotension, vasopressin, etc., which can and do 
disturb the splanchnic circulation. The degree of 
splanchnic circulatory disturbances and the decrease 
in hepatic blood flow mainly depends on the type of 
surgical intervention: minor peripheral procedures 
are accompanied by a small degree of blood flow 
reduction while major procedures, such as laparot- 
omy, are associated with a substantial decrease in 
hepatic blood flow (6). On the other hand, the degree 
of hepatic blood flow reduction during similar surgi- 
cal stress might also depend on the choice of anes- 
thetic: one anesthetic can reduce stress-induced 
splanchnic circulatory disturbances to a greater extent 
than another (6,7). The lesson is clear: surgical inter- 
vention rather than anesthesia is the main determi- 
nant of alterations in the splanchnic and hepatic 
circulation, and anesthesia can play a modifying role 
in circulatory disturbances developing during surgi- 
cal stress. 

Ventilation, spontaneous and especially con- 
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trolled, affects the hepatic circulation. During spon- 
taneous inspiration, the diaphragm is displaced 
downward, compressing the liver. This results in an 
accumulation of blood behind the liver in the 
splanchnic vasculature and a decrease in total 
splanchnic outflow. At the same time, intrathoracic 
and caval vein pressures decrease. This facilitates 
inferior caval vein blood flow from the kidneys and 
lower extremities. Opposite effects occur during ex- 
piration when the diaphragm is displaced upward, 
releasing the compression of the liver, decreasing 
hepatic venous pressure, and thereby facilitating an 
increase in splanchnic outflow. At the same time, 
intrathoracic and caval vein pressures increase, di- 
minishing the pressure gradient for venous return 
and venous outflow from the lower part of the body. 
Such an arrangement maintains the stability of 
venous return through the inferior caval vein, which 
predominately consists of blood flow from the lower 
part of the body during inspiration and from the 
splanchnic system during expiration (8). 

It is obvious that controlled ventilation, with asso- 
ciated dramatic changes in intrathoracic and intraab- 
dominal pressures, alters the elegant relationship 
between splanchnic venous outflow and venous out- 
flow from the kidneys and lower extremities. During 
expiration, which is usually spontaneous during con- 
trolled ventilation, the relationship would be the 
same as during spontaneous ventilation. However, 
during controlled inspiration, the associated substan- 
tial increase in intrathoracic pressure causes the ve- 
nous outflow from the splanchnic system to meet 
greater impedance than during spontaneous inspira- 
tion. There are data demonstrating that continuous 
positive pressure ventilation, especially with a large 
tidal volume or with an increased end-expiratory 
pressure, decreases splanchnic blood flow (9-11). 
Apparently, anesthesia can modify certain neuro- 
genic mechanisms, compensating such effects. For 
example, in one study, controlled ventilation, com- 
pared with free breathing, had a tendency to reduce 
intestinal, splenic, and hepatic arterial blood flows 
during pentobarbital, but not during chloralose anes- 
thesia (12). 

The work by Fujita et al. (1) examined the effects of 
carbon dioxide, a rather important component of the 
combination (surgery, anesthesia, controlled ventila- 
tion) that we usually deal with in the operating 
rooms. The investigators provided the same surgical 
stress (laparotomy and blood flow measurements 
with electromagnetic flowmeters), as well as the same 
anesthesia, and the same parameters of controlled 
ventilation for each level of carbon dioxide studied. 


EDITORIAL 


Hypo- and hypercarbia were achieved by changing 
the size of dead space. 

Fujita et al. (1) demonstrated some tendencies for a 
decrease in portal blood flow (statistical significance 
was not achieved). Had they had a larger number of 
observations, they could have possibly found the 
difference. Therefore, their observations do not really 
contradict the data (13-15) demonstrating that hypo- 
carbia decreases portal blood flow. On the other 
hand, they did note a decrease in hepatic arterial 
blood flow contrary to observations by others (2). 
Who is right? I think both groups are: Gelman et al. 
(2) performed their experiments on monkeys without 
laparotomy, examining the “pure” effect of hypocar- 
bia while Fujita et al. (1) examined the effects of 
hypocarbia in combination with surgical stress (lapa- 
rotomy). A decrease in portal blood flow by itself 
usually leads to an increase in hepatic arterial blood 
flow (16). Laparotomy per se is accompanied by a 
reduction in portal blood flow and an increase in 
hepatic arterial blood flow (6,17). Therefore, it is 
possible that hypocarbia applied after laparotomy 
decreased hepatic arterial blood flow from already 
increased levels. In fact, during normocarbia in Fujita 
et al. (1) observations, the arterial fraction of total 
hepatic blood flow was about 40% while in “normal” 
(without laparotomy) situations, the arterial fraction 
usually equals 25%-30% of total hepatic blood flow 
(18,19). Thus, there is really no contradiction between 
these data: hypocarbia per se probably increases 
hepatic arterial blood flow while hypocarbia and 
superimposed surgical stress might reduce it. 

During hypercarbia, Fujita et al. (1) observed in- 
creases in portal and total hepatic blood flows which 
are most probably mediated through carbon dioxide 
directly induced vasodilation and an increase in car- 
diac output, resulting from stimulation of the sympa- 
thetic nervous system. These observations agree with 
other studies in the field. An increase in portal 
venous pressure observed by Fujita et al. (1) has also 
been observed by others (3) and apparently results 
from enhanced portal blood flow and/or increased 
intrahepatic portal venular resistance (20). A decrease 
in hepatic oxygen uptake combined with a decrease 
in indocyanine clearance (ICG) is an unexpected and 
somewhat puzzling observation. Others demon- 
strated an increase in hepatic oxygen uptake during 
hypercarbia which was attributed to an increase in 
sympathetic discharge (3). If Fujita et al. (1) observed 
only a decrease in ICG clearance, one could have 
challenged the results by saying that the investigators 
did not measure the changes in ICG concentrations in 
the hepatic venous blood and, since ICG is eliminated 
from the body not only by the liver (21,22), the results 
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could have been inaccurate. However, hepatic oxy- 
gen uptake was determined by a technique com- 
pletely independent from the ICG clearance method. 
The underlying mechanism for a decrease in hepatic 
oxygen uptake and ICG clearance might be mutual. 
These mechanisms might involve a decrease in intra- 
cellular pH with subsequent deterioration of cellular 
function. There is an alternative hypothetical mecha- 
nism: carbon dioxide is a well-known vasodilator in 
many tissues but not necessarily in the liver. For 
example, acidosis, either metabolic or respiratory, 
increases intrahepatic portal venular resistance (20) 
and, therefore, might increase shunting of the blood 
through the nonfunctioning vessels (possibly even 
dilated sinusoids) bypassing the hepatotocytes; this 
might result in insufficient delivery of oxygen and 
ICG to the hepatocytes. This particular observation, 
namely, that hypercarbia-induced increase in hepatic 
blood flow is associated with a decrease in hepatic 
oxygen uptake and clearance of ICG and possibly 
other substances, may have rather interesting impli- 
cations for future research in the area as well as for 
our understanding of many events occurring in the 
operating rooms and intensive care units. Besides, 
this observation illustrates that high oxygen content 
in any venous blood might not necessarily imply 
adequate oxygenation and function of a tissue. 

Thus, Fujita et al. (1) looked at one component, the 
role of carbon dioxide, in the combination of surgical 
stress, anesthesia, and controlled ventilation, on he- 
patic circulation and function. They demonstrated 
again that this combination is extremely complex. 
What are the possible clinical implications of this 
study? This and other observations suggest that mod- 
erate degrees of hypocarbia do not deteriorate hepatic 
circulation and function to a significant extent, while 
hypercarbia might cause temporary hepatic dysfunc- 
tion. Future studies will verify these findings and 
determine the extent of the danger. 
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hypocapnia and hypercapnia on splanchnic circulation 
and hepatic function in the beagle. Anesth Analg 
1989;69:152~-7. 


The effects of mild hypocapnia (Paco, 22 mm Hg) and 
hypercapnia (Paco, 59 mm Hg) on the splanchnic circula- 
tion and hepatic function were studied in six pentobarbital 
anesthetized, laparotomized, mechanically ventilated bea- 
gles. Tidal volume and respiratory frequency were held 
constant throughout the measurements. Hepatic artery 
blood flow (HABF) and portal vein blood flow (PVBF) were 
measured by electromagnetic flowmeters. Hepatic function 
was assessed by indocyanine green (ICG) elimination ki- 
netic analysis after intravenous injection of the dye. Hy- 
pocapnia caused a decrease in HABF without affecting the 
systemic circulation. Hypercapnia, on the other hand, 


The effects of carbon dioxide tension on the cardio- 
vascular system have been studied extensively in 
dogs and humans (1-4). Hypocapnia causes vasocon- 
striction directly with either slight or no depression of 
myocardial contraction (4). Hypercapnia, on the 
other hand, causes a decrease in vascular resistance 
by direct vasodilation and an increase in myocardial 
contraction through stimulation of sympathetic nerve 
activity, resulting in a significant increase in cardiac 
output (1,2). 

In contrast to the overall cardiovascular system, 
regional hemodynamic responses to alterations in 
Paco, are less completely understood. The regional 
hemodynamic response may differ from organ to 
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caused a significant increase in cardiac output without 
changing mean arterial pressure. There was a significant 
increase in PVBF and total hepatic 3looc flow (THBF = 
PVBF + HABF). Despite the increases in PVBF and 
THBF, the half-life of ICG was significanily longer during 
hypercapnia (9.09 + 0.79 min) than during hypocapnia 
(7.16 + 0.37 min), and plasma ICG clearance was smaller 
during hypercapnia (4.79 + 0.44 mimir- ~+) than during 
hypocapnia (5.44 + 0.33 ml-min~1) or normocapnia (5.27 
+ 0.50 ml-min™'), indicating the depressed hepatic func- 
tion during hypercapnia. We conclude that mild hypocapnia 
decreases HABF without affecting hepatic "unction and that 
mild hypercapnia is associated with a depvession of hepatic 
function in spite of the increases in PVBE and THBE. 


Key Words: CARBON DIOXIDE—hypercarbia, 
hypocarbia. LIVER—blood flow, function. 


organ because of the differences in vascular respon- 
sivity to Paco,. Sympathetic innervation of the or- 
gans may also modify the regional hemodynamic 
response. In addition, Paco,-induced alterations in 
overall cardiovascular hemodynamics also influence 
the regional hemodynamic response. 

This study focuses on the hemadynamic responses 
of the splanchnic circulation to a_terations in Paco, 
because this circulation receives the largest portion of 
cardiac output and plays a certral role in maintaining 
the stability of the systemic circulation. The modifi- 
cation of sympathetic nerve activity caused by alter- 
ations in Paco, appears to affect the splanchnic 
circulation substantially, since the splanchnic vascu- 
lature is richly innervated by sympathetic nerve fibers 
originating from the splanchnic nerves and its impor- 
tance in the regulation of the splanchnic circulation is 
already well recognized (5-7). 

Effects of Paco, on hepatic function are also im- 
portant for the preservation of nepatic function in 
patients during mechanical ventilation. Patients are 
commonly ventilated at a hvpocapnic level during 
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general anesthesia or intensive therapy, whereas 
hypercapnia is often seen despite mechanical venti- 
lation, especially in patients with chronic obstructive 
lung diseases. To the best of our knowledge, how- 
ever, hepatic function during mechanical ventilation 
at hypocapnic or hypercapnic levels has not been 
assessed in conjunction with changes in the splanch- 
nic circulation. 

The present study was undertaken to elucidate the 
effects of alterations in Paco, on both the splanchnic 
circulation and hepatic function under mechanical 
ventilation. 


Materials and Methods 


The experimental protocol was approved by the in- 
stitutional Animal Research committee. The study 
was performed in six beagle dogs of both sexes (9.4 + 
0.6 kg, mean + sEM). Anesthesia was induced with 
pentobarbital 30 mg-kg™* iv and the trachea intu- 
bated with a cuffed endotracheal tube. The animals 
were ventilated using a constant volume respirator 
(R-60, Aika, Japan) with a mixture of oxygen and 
nitrous oxide (1:2). Muscle paralysis was maintained 
with pancuronium bromide, 2 mg iv initially with half 
of the initial dose given again as required. Pentobar- 
bital (60 mg) was supplemented at the end of surgical 
preparations, which lasted about 2 hr. Metabolic 
acidosis was corrected only at the end of surgical 
preparations by sodium bicarbonate iv using doses 
calculated from the base excess. Body temperature 
was maintained between 36.0-38.0°C with a warming 
blanket throughout the experiment. 


Surgical Preparations 


A catheter was inserted into the aorta via the femoral 
artery for monitoring of mean arterial pressures 
(MAP) and for blood sampling. A 5 Fr. flow directed 
three lumen thermodilution catheter (Model $P5105, 
Gould, USA) was inserted via the right femoral vein 
into the pulmonary artery. The proximal port of the 
catheter was placed in the thoracic inferior vena cava 
as confirmed by injecting contrast material under 
fluoroscopic monitoring. This catheter was used for 
determination of cardiac output (CO) by the ther- 
modilution technique and for measurement of infe- 
rior vena cava pressure (CVP). Another catheter was 
advanced into the hepatic vein via the right external 
jugular vein, the position of which was confirmed in 
the same way. This catheter was used for sampling of 
hepatic venous blood. 
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A laparotomy was performed along the 12th right 
costal margin, and a catheter was advanced into the 
portal vein through a branch of the splenic veins for 
portal vein pressure (Ppv) measurement and blood 
sampling. The common hepatic artery was exposed 
by blunt dissection. During the dissection, we tried to 
keep the periarterial nerves as intact as possible, 
thereby preserving sympathetic control of liver blood 
flow. After ligation of the gastroduodenal artery and 
vein, cuff-type electromagnetic flow probes (6 mm 
and 3 mm in diameter) were applied around the 
portal vein and the common hepatic artery respec- 
tively, and their blood flows, portal vein blood flow 
(PVBF), and hepatic artery blood flow (HABF), were 
measured with a dual electromagnetic flow meter 
(MF-27, Nihon-Kohden, Japan). The accuracy of 
blood flow measurement using these electromagnetic 
flow probes had been checked previously in vitro and 
their calibration factors were adjusted. The zero ref- 
erence was obtained by temporal clamp of the vessels 
in vivo at the beginning of the experiment. Total 
hepatic blood flow (THBF) was derived from the sum 
of PVBF and HABF. 


Assessment of Hepatic Function 


Hepatic function was assessed by indocyanine green 
(ICG) elimination kinetic analysis as described by 
Matuschak et al. (8). ICG in a dose of 0.25 mg-kg™* 
was rapidly injected into the inferior vena cava 
through the proximal portion of the three lumen 
pulmonary artery catheter. Arterial blood samples 
were withdrawn 2, 4, 6, and 8 min after injection. The 
plasma concentrations of ICG were determined at 805 
mm using a spectrophotometer (100-60 Type, Hitachi, 
Japan). The hepatic function variables including the 
half-life of ICG(ICG,,,), distribution volume (Vd), 
and fractional clearance of ICG(Cp icq), were calcu- 
lated using a one-compartment open model (8,9). 


Experimental Protocol 


The respiratory rate was fixed at 20 breaths per 
minute. Tidal volume was adjusted to obtain normo- 
capnia (Paco, = 38-42 mm Hg) by adding a 97 mL 
dead space to the endotracheal tube. Hypocapnia 
was induced by ventilation without the dead space 
and hypercapnic ventilation was induced by adding 
carbon dioxide to the inspired gas to maintain the 
Paco, around 60 mm Hg without changing the tidal 
volume. The adjustment of carbon dioxide flow was 
aided by measurement of end-tidal Pco, using an 


154 ANESTH ANALG 
1989;69:152-7 


infrared carbon dioxide analyzer (Medical gas ana- 
lyzer LB-2, Beckman, USA). Normocapnic ventilation 
was carried out for 60 min before starting the study. 
The study was performed at three different levels of 
Paco,: hypocapnia, normocapnia, and hypercapnia. 
The order of the three ventilatory conditions was 
randomized using a Latin square sequence. Each 
ventilatory condition was maintained for 50 min. 
Hemodynamic measurements and blood samplings 
were performed at 30 min and ICG was injected at 40 
min, followed by serial arterial samplings for deter- 
mination of the ICG concentrations. Arterial and 
venous pressures were measured during the end- 
expiratory phase. 


Calculations 


Oxygen contents in peripheral arterial, portal, and 
hepatic venous blood were calculated using the fol- 
lowing formula: Oxygen content (ml-:100 mL! 
blood): C = 1.34 x Hb x %Sat + 0.003 x Pos. 

Hemoglobin saturation was calculated from Po, 
corrected for pH and temperature by the Po,-oxygen 
% saturation nomogram. Oxygen delivery to the liver 
(O h.del), oxygen uptake by the liver (Ojh.up), and 
the oxygen deliver/uptake ratio (Ozdel/up) were cal- 
culated from PVBF, HABF, and oxygen contents in 
portal vein, hepatic artery, and hepatic vein blood 
using the formula of Gelman et al. (10) without 
correction for liver weight. 


Statistics 


All data are presented as the means + standard errors 
of the means. Statistical comparisons of data on 
hemodynamics, hepatic function, and blood gas ten- 
sions during normocapnia, hypocapnia, and hyper- 
capnia were performed using two-way analysis of 
variance (ANOVA). Pairwise comparisons between 
means were done by the Fisher’s least significant 
difference (LSD) method. Statistical significance was 
defined as P < 0.05. 


Results 


Blood Gas Tensions, pH, and O, Delivery 
and Uptake 


Blood gas and pH data during the three stages of 
ventilation are summarized in Table 1. The Paco, 
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Table 1. Blood Gas Tensions, pH and Oxygen 
Delivery and Uptake during Normo-, Hypo-, and 
Hypercapnic Ventilation 





Hypocapnia Normocapnia Hypercapnia 


Arterial blood 


pH 7.51 0,02" 7.3720.01 7:22: QO 
Pco, (mm Hg) 224215" 391418 5964+ 3.277 
Po, (mm Hg) 141 + 10 146 + 6.0 141 £7.9 
Portal venous blood 

pH 7.47 +0.02* 7.32+0.02 7.19 + 0.02*t 
Pco, (mm Hg) 2.3219 464234 65732 
Po, (mm Hg) Inra M735 6.82627 
Hepatic venous blood 

pH 7442003" ZA E00: 717 £00 
Pco, (mm Hg) 25226 BIJES 7222 4.7T 
Po, (mm Hg) 22.8236" 4223.8 50.7 = 2.6% 
O,h.del (mL-min™') 40.74 4.7* 52.5+6.7 55.0 + 5.5t 
O.h.up(miamin™) 12.3217 2.0210 9.52 1.9 
O,del/up 3.6 = 056 4.8 + 0.5 fo 16t 


Values are mean + SEM. 

*Significantly different from normocapnia, P < 0.05; tsignificantly dif- 
ferent from hypocapnia, P < 0.05; Oj;h.del = O, delivery to the liver; O,h.up 
= O, uptake by the liver; Ojdel/up = O, delivery to uptake ratio. 


levels were 39.1 + 1.8, 22.1 + 1.5, and 59.6 + 3.2 mm 
Hg during normocapnia, hypocapnia, and hypercap- 
nia respectively. Alterations in arterial Pco, were 
accompanied by corresponding pH changes (7.51 + 
0.02, 7.37 + 0.01, 7.22 + 0.02). Arterial Po, was, on 
the other hand, similar during the three stages of 
ventilation. Portal and hepatic venous blood pH, 
Pcoz, and Po, data during hypo- and hypercapnia 
differed significantly from those obtained during nor- 
mocapnia. Ojh.del was in the order of hypocapnia < 
normocapnia < hypercapnia. Ojh.up during hyper- 
capnia was significantly lower than during hypocap- 
nia and O,del/up was significantly greater than dur- 
ing hypocapnia. 


Effects on Systemic and Splanchnic Hemodynamics 
(Table 2) 


During hypocapnia there were no significant changes 
in systemic hemodynamics. In splanchnic hemody- 
namics, however, HABF was significantly lower dur- 
ing hypocapnia (80 + 14 ml-min™') than during 
normocapnia (120 + 26 ml-min '). Hypercapnia, on 
the other hand, was accompanied by substantial 
changes in both splanchnic and systemic hemody- 
namics. Hypercapnia caused a significant increase in 
CO from 1.05 + 0.08 to 1.23 + 0.07 l-min™ +t (normo- 
capnia and hypercapnia, respectively), while MAP 
was unchanged. PVBF during hypercapnia (240 + 25 
ml-min ') was significantly greater than it was dur- 
ing normocapnia (182 + 13 ml-min t), whereas there 
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Table 2. Hemodynamic Variables during Normo-, Hypo-, 
and Hypercapnic Ventilation 


Hypocapnia Normocapnia Hypercapnia 
MAP (mmHg) 143 +3 142 + 5 143 + 4 
CVP (mm Hg) 4.2 + 0.5 4.2 + 0.3 4.2 + 0.4 
CO (l-min™!) 1.09 + 0.15 1.05 + 0.08 1.23 + 0.07*ł 
Ppv (mm Hg) 9.5 + 0.4 10.4 + 0.9 12.5 + 0.8*t 
HABF 80 + 14* 120 + 26 97 + 23 
(mL-min™’) 
PVBF 7&7 192 £ 13 240 + 25% 
(mL-min™') 
THBF 252 + 20 302 + 31 337-2214 
(mL-min™’) 


Values are mean + SEM. 

“Significantly different from normocapnia, P < 0.05; tsignificantly dif- 
ferent from hypocapnia, P < 0.05. 

MAP = mean arterial ure; CVP = central venous pressure; CO = 
cardiac output; HABF = hepatic artery blood flow; PVBF = portal vein blood 
flow; THBF = total hepatic blood flow; Ppv = portal vein pressure. 


Table 3. Hepatic Function during Normo-, Hypo-, and 
Hypercapnic Ventilation 


Hypocapnia Normocapnia Hypercapnia 
Cr cg 5.44 + 0.33 5.27 +0.50 4.79 + 0.44%ł 
(mL-min~*) 
ICG. (min) 7.16 + 0.37 7.78 +0.69 9.09 + 0.7% 
Vd (mL-kg~*) 55.4 + 1.9 57.0 + 2.8 60.6 + 2.3 


Values are mean + SEM. 

“Significantly different from normocapnia, P < 0.05; tsignificantly dif- 
ferent from hypocapnia, P < 0.05. 

Cp rcg = plasma ICG clearance; ICG ™ half-life of indocyanine green; 
Vd = distribution volume. 


was no difference in HABF. THBF was significantly 
greater during hypercapnia (337 + 21 ml-min“’) than 
during normocapnia (302 + 31 ml-min~*). Ppv during 
hypercapnia was also significantly greater than it was 
during normocapnia (12.5 + 0.8, 10.4 + 0.9 mm Hg). 


Hepatic Function 


The results of ICG elimination kinetic analysis are 
summarized in Table 3. Vd, which reflects the total 
plasma volume, was similar during the three levels of 
* ventilation. There were no differences in the hepatic 
function variables during hypocapnia and normocap- 
nia. ICG. was significantly longer (9.09 + 0.79 min) 
during hypercapnia than during hypocapnia (7.16 + 
0.37 min) and Cp jcc during hypercapnia was signif- 
icantly less (4.79 + 0.44 ml-min™~') than during hy- 
pocapnia (5.44 + 0.33 ml-min™') and normocapnia 
(5.27 + 0.50 ml-min™’). 


Discussion 


Because changes in airway pressure may substan- 
tially affect splanchnic hemodynamics by changing 
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hepatic venous pressure or compression of the liver 
(11,12), it was essential to maintain constant airway 
pressure during our study of the effects of hypo- and 
hypercapnia on splanchnic hemodynamics and he- 
patic function during mechanical ventilation. We 
determined the tidal volume necessary to maintain 
normocapnia while respiratory frequency was kept 
constant (20 bpm) by connecting a dead space to the 
endotracheal tube. Hypocapnia was achieved using 
the same ventilatory frequency but without the dead 
space, and hypercapnia occurred when CO, was 
added to the inspired gas. As a result, the tidal 
volume and respiratory frequency remained un- 
changed throughout the experiment and thus 
changes in airway pressure during hypocapnic, nor- 
mocapnic, and hypercapnic ventilations were mini- 
mized. 

Though the hemodynamic responses of the 
splanchnic circulation to alteration of Paco, occurs 
maximally in a few minutes, it stabilizes within 20 
min (13). The animals in our study were, therefore, 
considered to be in a steady state when hemody- 
namic and ICG measurements were carried out. 

In this study, we used pentobarbital and nitrous 
oxide for anesthesia, and pancuronium for muscle 
relaxation. The effects of these drugs, therefore, 
should be considered when interpreting our results. 
To the best of our knowledge, however, pancuro- 
nium and nitrous oxide do not significantly affect the 
splanchnic circulation, if at all (14). Pentobarbital IV 
is, on the other hand, known to cause substantial 
depression of the cardiovascular system. We cannot 
thus exclude the possibility that pentobarbital may 
have modified the response of the splanchnic circu- 
lation to hyper- and hypocapnia. However, we pre- 
sume that it did not affect the results in this study, 
since pentobarbital was used only for the induction of 
anesthesia, i.e., about 3 hr before the measurements 
were begun, and because the Latin square design 
chosen for our study may have contributed to reduc- 
tion of errors related to different anesthetic depths. 

There were three major findings in this study. 
First, the hemodynamics in both the splanchnic and 
systemic circulations were not significantly affected 
during hypocapnia except for a decrease in HABF. 
Second, hypercapnia caused significant changes in 
both the systemic and splanchnic circulations (in- 
creases in CO, PVBF, THBF, and Ppv). Third, Cp joc 
was less during hypercapnia than it was during 
normo- or hypocapnic ventilation, while ICG,,,, was 
significantly greater during hypercapnia than during 
hypocapnia, thus indicating a decrease in hepatic 
ICG uptake during hypercapnia. 

It is well established that hypocapnia is associated 
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with relatively small changes in systemic hemody- 
namics in anesthetized humans and animals (1,2,15). 
Our findings in the systemic circulation during hy- 
pocapnia are consistent with previous observations. 
In the splanchnic circulation, HABF decreased signif- 
icantly in the present study during hypocapnia, while 
PVBF was unaltered. 

The data in this study differ from those of Johnson 
(11), who reported decreases in both PVBF and HABF 
using electromagnetic flowmeters during hypocapnic 
hyperventilation in dogs. This discrepancy may be 
explained by the difference in the experimental con- 
ditions, since the tidal volume and respiratory fre- 
quency were changed in his experiment, while they 
were held constant in our study. Our results also 
contradict the data of Gelman et al. (16), who re- 
ported that hypocapnia increases HABF in the mon- 
key, while cardiac output and arterial blood pressure 
remained unchanged, as in our study. The increase in 
HABF in their study was attributed to the autoregu- 
latory response of the liver compensating for the 
decrease in PVBF to maintain O, delivery to the liver. 
While they used the microsphere technique for he- 
patic blood flow measurement without laparotomy, 
we measured HABF directly with an electromagnetic 
flow meter. It may, therefore, be possible that the 
surgical interventions, including laparotomy and ap- 
plication of electromagnetic flow probes in our study 
may have resulted in the different response of HABF 
to hypocapnia (17,18), and that the difference may be 
attributed to the difference in the nutritive flow (the 
microsphere technique) and total flow (electromag- 
netic flow meter). 

In contrast to hypocapnia, hypercapnia caused 
significant changes in the systemic circulation as well 
as in the splanchnic circulation. Hypercapnia in- 
creased CO without affecting MAP. These results are 
similar to those of previous reports (2,19) and suggest 
the vasodilatory effect of hypercapnia and increased 
myocardial contraction is secondary to increased ac- 
tivity of the sympathetic nervous system (2). 

The marked increase in PVBF during hypercapnia 
was considered to reflect vasodilation in the mesen- 
teric vascular system because MAP and CVP re- 
mained unchanged. Because the mesenteric vascula- 
ture is abundantly innervated by sympathetic 
vasoconstrictor fibers originating from the splanchnic 
nerves, an increase in activity of the sympathetic 
nervous system should cause mesenteric vasocon- 
striction. The data in this study indicate, however, 
that the sympathetic vasoconstrictor effect does not 
play a major role in the splanchnic hemodynamic 
response during hypercapnia, and this is perhaps 
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due to a greater direct vasodilatory effect of hyper- 
capnia on the mesenteric vasculature. 

The decrease in HABF during hypercapnia may be 
explained by the autoregulatory mechanism whereby 
the hepatic artery and portal vein adjust their flows 
reciprocally to maintain a constant total inflow to the 
liver (20). Thus, HABF may have decreased in re- 
sponse to the increase in PVBF during hypercapnia. 

Hepatic uptake of exogenous substances is one of 
the most important functions of the liver. Hepatic 
function has been evaluated by ICG elimination ki- 
netics by several authors (8,9), because ICG is ex- 
tracted solely by hepatocytes and ICG in the doses 
usually used can be repeatedly administered without 
cellular saturation (21). ICG elimination is dependent 
on the liver blood flow and the ability of hepatocytes 
to extract the dye (22). Our data showed that ICG,1/2 
was significantly longer during hypercapnia than that 
during hypocapnia, and that Cp jcc was less during 
hypercapnia than normocapnia or hypocapnia. As 
THBF was significantly greater during hypercapnia 
than during hypocapnia or normocapnia, the in- 
creased ICG,,,. during hypercapnia appears to be an 
indication of the reduced ability of hepatocytes to 
extract the dye from blood, i.e., reduced hepatic 
function. Using a sulfobromophthalein, Epstein et al. 
(23) also observed a reduction of clearance and extrac- 
tion by the liver during hypercapnia in humans, 
although estimated hepatic blood flow did not change 
significantly in their study. O.h.up during hypercap- 
nia in our study was also significantly less than it was 
during hypocapnia, though O,h.del increased signifi- 
cantly during hypercapnia. The decrease in O,h.up 
during hypercapnia coincides with depression of he- 
patic function. A similar discrepancy between THBF 
and ICG elimination have been reported during 
halothane anesthesia by Gelman et al. (9). From the 
ICG elimination kinetic data, they inferred that 
halothane affects hepatic function adversely. 

Most of ICG in plasma is bound to a1-lipoproteins 
(24). ICG is thought to be extracted from blood into 
hepatocytes by carrier-mediated transport, as are other 
organic anions such as bilirubin and BSP, because the 
hepatic uptake of the anions is saturable with increas- 
ing dose, relatively selective and mutually competi- 
tive, and because countertransport of the organic 
anions from hepatocytes to plasma occurs (25). 

There are several possible explanations for the 
prolongation of ICG and the decrease in Cp jcc 
during hypercapnia. First, acidosis during hypercap- 
nia may be responsible for the decreased uptake of 
the dye. If acidosis affects the affinity of ICG for 
al1-lipoproteins and dissociation of the ICG becomes 
more difficult, a decreased ICG uptake by the hepa- 
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tocytes may result without compromising hepatic 
function. Stollman et al. (26), however, showed that 
albumin binding does not affect hepatic uptake of 
bilirubin. For this reason, changes in the affinity of 
ICG for al-lipoproteins during hypercapnia is prob- 
ably not an important factor for the decreased uptake 
of the dye. A second explanation may be that the 
increased activity of the sympathetic nerve induced 
by hypercapnia may suppress the hepatic uptake of 
the dye. Recently, a close correlation between sym- 
pathetic nerve activity and hepatic function was 
found from the evidence that sympathetic nerve 
stimulation induces the hepatic glycogenolysis, 
which is mediated via a-receptors on the hepatocytes 
membrane (27). Finally, liver microcirculation may be 
altered by hypercapnia. Hypercapnia may dilate cap- 
illaries in the liver and thereby increase the intrahe- 
patic shunts, which would lead to a depression of the 
hepatic function and an increase in THBF. If correct, 
this hypothesis would explain the increase in THBF, 
the depression of the hepatic function, and the de- 
crease in Ozh.up. 

In contrast to hypercapnia, there was no signifi- 
cant difference in ICG elimination kinetics during 
hypocapnia and normocapnia despite a decrease in 
HABF. This suggests that the hepatic function is 
preserved during mild hypercapnia. 

In conclusion, we demonstrated that mild hyper- 
capnia is accompanied by significant increases in CO, 
PVBF, and THBF with significant vasodilation in the 
systemic and mesenteric vasculature, and that mild 
hypocapnia has no significant effects on the systemic 
and splanchnic circulations except for a decrease in 
HABF. ICG elimination kinetic data suggest a reduc- 
tion in the hepatic function to extract the dye despite 
the increase in THBF during hypercapnia. 


We are indebted to Kaori Nakayama, Pharmp for technical assis- 
tance, to Naoko Moriya for preparation of the manuscript, and to 
Associate Professor Seizaburo Arita of the Department of Mathe- 
matics of Kawasaki Medical School for advice and help in statistical 
analysis. 
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Effects of Succinylcholine at the Masseter and Adductor Pollicis 


Muscles in Adults 
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SMITH CE, DONATI F, BEVAN DR. Effects of 
succinylcholine at the masseter and adductor pollicis 
muscles in adults. Anesth Analg 1989;69:158-62. 


The effect of succinylcholine on baseline tension and evoked 
twitch height was measured at the masseter and the adduc- 
tor pollicis muscles in ten adults undergoing elective 
surgery. During thiopental—nitrous oxide-enflurane (end- 
tidal concentration <0.25%) anesthesia, supramaximal 
stimulation was applied to both the ulnar nerve and the 
nerve to the masseter. Baseline tension and the isometric 
force of contraction were measured at the jaw and the 
thumb. Cumulative dose-response relationships were ob- 
tained by giving succinylcholine in incremental doses (ini- 
tial dose, 0.10 mg/kg, followed by 0.05- or 0.1-mgikg 
increments, depending on response). An infusion was 
started after the maximum effect of the first dose, at a rate 
adjusted to compensate for the rapid metabolism of the drug. 


Succinylcholine is widely employed in anesthesia to 
facilitate tracheal intubation. Paralysis of several mus- 
cle groups (e.g., diaphragm, vocal cords, jaw) may be 
important in determining the ease of intubation. 
However, the ulnar nerve—adductor pollicis muscle 
combination is commonly employed to monitor neu- 
romuscular function (1,2). Peripheral muscles such as 
the adductor pollicis may exhibit differing sensitivi- 
ties to neuromuscular blocking agents compared with 
the diaphragm (3,4), vocal cords (5) and jaw (6). As 
well, onset of neuromuscular blockade may vary 
between different muscle groups, with blockade of 
the diaphragm and jaw muscles preceding that of the 
adductor pollicis muscles (6-8). 

Succinylcholine has other effects on the muscles of 
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There was no difference between the sensitivity of the 
masseter and the adductor pollicis. Vhe ED. values were 
(mean + sem) 0.11 + 0.01 mg/kg at both muscles. The 
EDgg values were 0.17 + 0.02 mg/kg at the masseter and 
0.16 + 0.01 mg/kg at the adductor pollicis. Onset of action 
was more rapid at the masseter. In six of the ten patients, 
baseline tension at the jaw was found to increase by a mean 
of 80 + 24 g (range 25-188 g). It is concluded that in 
adults, masseter neuromuscular blockade can be achieved 
with succinylcholine doses approximately equal to those 
required to block the adductor pollicis In addition, the drug 
may cause increased tension in the muscles of the jaw. 


Key Words: MONITORING—twitch <ension, 
mandibular nerve stimulation, train-of-four. 
NEUROMUSCULAR RELAXANTS— 
succinylcholine. NEUROMUSCULAR 
TRANSMISSION-—differential effects. SKELETAL 
MUSCLE—masseter, adductor pollicis. 


the jaw. It is associated witk. “masseter spasm,” a 
relatively uncommon condition which is diagnosed 
when mouth opening and direct laryngoscopy be- - 
come difficult or even impossible to perform (9,10). 
Recently, two reports have sugzested that in the 
majority of children, jaw stiffness increases in re- 
sponse to the administration of succinylcholine, 1-2 
mg/kg (11,12). In these reports, evoked adductor 
pollicis contraction was abolished after succinylcho- 
line administration. However, one cannot conclude 
that the masseter muscle was paralyzed, because of 
possible differences in sensitivity to succinylcholine 
between jaw and thumb. Tke phenomenon of in- 
creased jaw stiffness has not been reported in adults. 

Because of the importance of jaw relaxation for 
laryngoscopy and tracheal intubation, this study was 
designed to determine whether succinylcholine- 
induced increases in jaw tension occur in adults, and 
whether this could be explained by resistance of the 
masseter muscle to the neuromuscular actions of 
succinylcholine. To answer these questions, jaw ten- 
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sion was monitored continuously and the nerve to 
the masseter muscle was stimulated. Dose-response 
relationships were obtained for succinylcholine, both 
at the masseter and the adductor pollicis. 


Methods 


Ten adult patients, ASA physical status I or II, 
scheduled for elective surgical procedures were stud- 
ied after institutional approval. Informed consent 
was obtained from each patient. Patients with neuro- 
muscular, renal, hepatic, or electrolyte disorders or 
patients taking medications that were known or sus- 
pected to interfere with neuromuscular transmission 
were excluded. Patients with evidence of trigeminal 
nerve dysfunction or abnormalities of dentition or 
mandibular configuration were excluded from the 
study, as were patients with a history of atypical 
plasma cholinesterase or malignant hyperthermia. 

Premedication was with morphine 0.1 mg/kg and 
glycopyrrolate 0.003 mg/kg intramuscularly 1 h be- 
fore surgery. Monitors included automatic blood 
pressure cuff, electrocardiograph, pulse oximeter, 
and mass spectrometer. Anesthesia was induced 
with thiopental 3-5 mg/kg and fentanyl 1-2 ug/kg. 
The patients’ lungs were ventilated by bag and mask 
with enflurane (1.5-2.5% end-tidal) and nitrous oxide 
66% in oxygen to maintain an end-tidal CO, between 
30 and 35 mm Hg. After tracheal intubation without 
muscle relaxants, enflurane was discontinued and 
ventilation was controlled using a semiclosed circle 
system with a CO, absorber. 

The hand and forearm were immobilized in a 
splint. The ulnar nerve was stimulated supramaxi- 
mally at the elbow using four square wave pulses of 
0.2-msec duration at a frequency of 2 Hz every 12 sec. 
A Grass $88 stimulator and a SIU 5 isolation unit were 
employed. The evoked force of contraction of the 
adductor pollicis was measured with a Grass F10 
force displacement transducer and recorded on pa- 
per. As described previously (6), the nerve to the 
masseter was stimulated bilaterally in the space 
formed by the zygomatic arch and the mandibular 
notch, anterior to the condyle of the mandible, using 
standard electrocardiograph (ECG) electrodes. The 
pattern of stimulation was identical to that of the 
ulnar nerve. This stimulation resulted in masseter 
muscle contraction and jaw closure. The isometric 
tension of the masseter muscle was measured by a 
force displacement transducer attached to an oral 
airway by a silk string. The transducer was sus- 
pended from a metal frame fixed to the operating 
table 10 cm caudad to the chin. The airway and the 
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string were taped to the space between the mouth 
and the chin. The force registered was therefore 
proportional to the tension in the jaw. Supramaximal 
train-of-four stimulation of the nerve to masseter was 
assured by progressively increasing the voltage until 
the jaw response had stabilized. The voltage was 
then set 15% higher than this level. 

After stabilization of baseline adductor pollicis and 
masseter twitch tensions, cumulative doses of succi- 
nylcholine (initial dose 0.10 mg/kg, incremental doses 
0.05-0.10 mg/kg) were administered until at least 95% 
first twitch depression relative to first twitch control 
was observed. Incremental doses were given only 
after the effect of the previous dose had stabilized, 
defined as two equal consecutive train-of-four re- 
sponses. To compensate for drug loss by redistribu- 
tion or metabolism, a succinylcholine infusion was 
started once the effect from the previous dose had 
stabilized. The rate of infusion to replace metabolized 
or redistributed drug was calculated based on an 
estimated EDə of succinylcholine of 0.22-0.30 mg/kg 
and an estimated dose to maintain 90% blockade by 
infusion of 1.70-4.68 mg-kg '-h ! (4,13-15). Assum- 
ing linear pharmacokinetics, the rate of elimination 
should be proportional to the dose given. Thus, the 
hourly rate to maintain 90% blockade is approxi- 
mately 15 times the EDog, and the hourly rate at 
which succinylcholine should be administered to 
compensate for elimination is 15 times the dose 
already given. Therefore, when the maximum effect 
from the first dose (0.10 mg/kg) was observed, a 
second dose (0.05 mg/kg or 0.10 mg/kg) was admin- 
istered together with an infusion, at an hourly rate 
equal to the first dose times 15 (1.50 mg-kg !-h'), 
When the maximum effect from the second dose was 
apparent, a third incremental dose was given, and 
the infusion was set at 15 times the first two doses. 
Thus, the infusion rate increased linearly with the 
amount of drug already given. Since the amount of 
drug by infusion was given only to compensate for 
losses, only the dose administered in bolus form was 
considered in calculating the dose-response curves. 
This cumulative dose with infusion technique has 
been previously shown to yield dose-response 
curves for succinylcholine comparable to those ob- 
tained with a single bolus method (16). 

When train-of-four stimulation is employed, 
twitch augmentation due to repetitive firing is com- 
mon after depolarizing muscle relaxants are given 
(17). This phenomenon is usually present on the first 
twitch response (T1) of the train-of-four, and virtually 
absent on the fourth (T4) (17). Therefore, linear 
regressions were obtained between the logit transfor- 
mation of T4 relative to control of the adductor 
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pollicis and masseter muscle and log dose using the 
method of least squares (4,18). A regression line was 
calculated for each patient, and a mean dose- 
response curve was constructed. Effective doses (ED) 
for 50% and 90% block (EDs, and EDg,) were derived 
from the curves and compared between muscles 
using the paired Students’ t-test. Results were ex- 
pressed as mean values + standard error of the mean 
(SEM). P values <0.05 were considered to indicate 
statistically significant differences. 


Results 


Five men and five women were studied. The mean 
age was 34.9 + 3.5 yr, mean weight 70.6 + 4.6 kg and 
mean height 163.9 + 2.3 cm. Control twitch tensions 
were 580 + 104 and 398 + 59 g at the adductor pollicis 
and masseter muscles, respectively. Before succinyl- 
choline administration, the end-tidal enflurane con- 
centration was 0.18 + 0.01%. After the initial dose, 
maximal blockade occurred earlier at the masseter 
than at the adductor pollicis muscle (1.0 + 0.06 vs 1.2 
+ 0.05 min, P = 0.05; end-tidal enflurane 0.14 + 
0.01%). There was no difference in time to maximum 
block after incremental doses (masseter 1.1 + 0.04 vs 
adductor pollicis 1.1 + 0.08 min; end-tidal enflurane 
0.12 + 0.01%). A total of two to four doses of 
succinylcholine were required to produce >95% neu- 
romuscular blockade (mean dose 0.20 + 0.02 mg/kg). 
The amount of succinylcholine administered as infu- 
sion was 0.05 + 0.01 mg/kg, or 25 + 4% of the 
cumulative dose. All dose-response measurements 
were completed within 3-5 min. There was no signif- 
icant difference in the sensitivity of the two muscles 
to succinylcholine (Figure 1). The EDs ) and EDgo 
values for succinylcholine at the masseter muscle 
were 0.11 + 0.01 and 0.17 + 0.02 mg/kg. Correspond- 
ing values at the adductor pollicis were 0.11 + 0.01 
and 0.16 + 0.01 mg/kg. No patient developed evi- 
dence of phase II block, defined as a T4/T1 ratio of 
0.50. 

In six of the ten patients, there was an increase in 
masseter baseline tension (mean increase 80 + 24 g, 
range 25-188 g). In three of the patients, the shift 
occurred 1.0 + 0.2 min after the initial dose of 
succinylcholine, while the other three occurred 0.3 + 
0.1 min after the second dose. In all cases, masseter 
tension returned to baseline after the second dose 
had reached its maximal effect. This baseline shift 
was not present at the adductor pollicis. A similar 
number of patients in both groups experienced first 
twitch augmentation (compared to T1 control) after 
the initial dose of succinylcholine. 
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Figure 1. Depression of first twitch height, expressed as percent- 
age of control, versus dose of succinylcholine. Bars indicate stan- 
dard error of the mean for ED; and EDgo. Lines represent linear 
regressions of logit transformation of neuromuscular blockade 
versus log dose. 


Discussion 


The dose-response data in the present study demon- 
strated that the potency of succinylcholine at the 
masseter and the adductor pollicis muscles was sim- 
ilar. In addition, onset of blockade was more rapid at 
the masseter than at the adductor pollicis muscle. 
This has been reported previously in anesthetized 
humans given pancuronium by means of similar 
methods (6), and in anesthetized cats given pancuro- 
nium, pipecuronium, d-tubocurarine, decametho- 
nium, and succinylcholine (19). For example, 
Kharkevich and Fisenko (19) studied the comparative 
sensitivity of acetylcholine receptors of different skel- 
etal muscles in cats anesthetized with urethane and 
chloralose and found that succinylcholine, 32 ug/kg 
IV, inhibited neuromuscular transmission first in the 
masseter muscle, then in the limb, intercostal, dia- 
phragm, and finally in the abdominal muscles. This 
accelerated onset is similar to that recorded by Mircea 
et al. (20) in 250 adults requiring rapid sequence 
induction and intubation. These authors found that 
after succinylcholine, 2 mg/kg IV, jaw muscle relax- 
ation occurred before the rest of the body muscles 
were paralyzed (20). The faster onset of both depo- 
larizing and nondepolarizing blockade at the mas- 
seter is probably explained by its greater tissue per- 
fusion and its closer proximity to the aorta and body 
core. Similarly, the earlier onset of diaphragmatic 
compared with adductor pollicis paralysis following 
succinylcholine, 0.8 mg/kg, may be due to the in- 
creased diaphragmatic blood flow favoring more 
rapid access of succinylcholine to the receptor (8). 
In the present study, mandibular nerve stimula- 
tion and recording of masseter muscle twitch was 
employed in assessment of neuromuscular blockade 
at the masseter muscle. This type of arrangement has 
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the advantage of permitting quantitative, continuous 
recording of isometric twitch tension in response to 
neuromuscular blocking agents. Although quantita- 
tive monitoring of mouth opening has previously 
been reported by Van Der Spek et al. (11,12) in 
humans, their technique only allows intermittent 
measurements and is not designed to measure iso- 
metric jaw muscle tension. 

Although the three muscles that act to close the 
jaw (masseter, temporalis, and medial pterygoid) are 
all innervated by branches of the mandibular nerve 
(21), it is unlikely that the nerves to the temporalis 
and medial pterygoid muscles were stimulated to any 
great extent. This is because the nerve branches to 
these muscles run deeper than the nerve to the 
masseter, and the voltage setting on the stimulator 
for the nerve to masseter was 30% less than that of 
the ulnar nerve, which runs a superficial course. 

The present study demonstrated an increased 
masseter muscle baseline tension in 60% of patients. 
This increase, not present at the adductor pollicis 
muscle, was not observed in any patient in a similar 
study using pancuronium in which the mandibular 
branch of the trigeminal nerve was stimulated and 
the force of masseter muscle contraction was mea- 
sured (6). The mechanism of this increase in tension 
is not known. However, this study indicates that the 
sensitivity of the masseter muscle to succinylcholine 
is not noticeably different from that of the adductor 
pollicis. This suggests that masseter tension increases 
and masseter rigidity reported with doses of 1-2 
mg/kg (9-12) are probably not due to incomplete 
neuromuscular blockade since the doses used were 
considerably greater than the EDog reported in this 
study (0.17 mg/kg). The clinical significance of the 
shift in masseter muscle baseline tension is uncertain, 
although it has been suggested that it may represent 
a subclinical manifestation of masseter muscle spasm 
and rigidity (11,12). The variability of the response 
(increases a masseter tension ranging from 0 to 188 g) 
to the same dose of succinylcholine suggests that a 
small number of patients might exhibit a quantita- 
tively abnormal response, of sufficient magnitude to 
be detected by the anesthesiologist. However, none 
of the patients in the present study developed clinical 
signs of masseter muscle rigidity or malignant hyper- 
thermia. 

The validity of the cumulative dose technique with 
infusion for short acting muscle relaxants such as 
succinylcholine has been demonstrated previously 
(16). The infusion is necessary to fulfill the require- 
ment that redistribution and metabolism of the study 
drug be negligible during the period of incremental 
dose administration in order not to underestimate 
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potency (16). The cumulative dose with infusion 
technique permits the study of one or more muscles 
of differing or similar sensitivities to neuromuscular 
blocking agents at a variety of dosage levels in the 
same patient. It thus eliminates the problem of 
whether to include or reject neuromuscular re- 
sponses of 0 and 100% that may be produced by 
single boluses, and allows construction of a dose- 
response curve in every patient so that fewer total 
patients are required to obtain statistically valid re- 
sults. 

The greater potency of succinylcholine at the ad- 
ductor pollicis in this study (ED 9 = 0.16 mg/kg) 
compared with previous studies may be due to the 
different anesthetic techniques employed. For exam- 
ple, during halothane anesthesia the EDgg at the 
adductor pollicis was 0.21 mg/kg (4), whereas during 
thiopental-nitrous oxide-fentanyl anesthesia it was 
0.29 mg/kg (16). Although enflurane was discontin- 
ued in the present study following tracheal intuba- 
tion with resultant negligible end-tidal concentra- 
tions, it is possible that significant concentrations 
persisting at the neuromuscular junction may have 
been sufficient to potentiate the effects of succinyl- 
choline. 

During tracheal intubation, it is desirable that 
oropharyngeal and jaw muscles be relaxed to ensure 
a clear view of the vocal cords, and that respiratory 
muscle paralysis should prevent coughing and buck- 
ing. The present data suggest that clinically used 
doses of succinylcholine (1-1.5 mg/kg) are equivalent 
to 5-7.5 times the ED, of both the masseter and the 
adductor pollicis muscles. Since the time-course of 
neuromuscular blockade of the masseter muscle after 
succinylcholine administration would probably re- 
flect that of the well-perfused upper airway and 
diaphragm muscles, mandibular nerve stimulation 
may offer insight into the early onset of ideal intubat- 
ing conditions, especially in cases where the ulnar 
nerve-adductor pollicis combination is not available 
for monitoring. However, care must be taken to 
protect the teeth, tongue, and lips from any possible 
damage resulting from jaw closure. Further studies 
are needed to delineate more clearly the utility of 
mandibular nerve stimulation in clinical practice. 
Succinylcholine-induced increases in masseter mus- 
cle baseline tension in adults anesthetized with thio- 
pental-fentanyl-nitrous oxide—enflurane are usually 
small and are expected to be overcome easily by the 
laryngoscopist. This change in masseter muscle ten- 
sion deserves further attention, however, especially 
in the pediatric population where the incidence of 
masseter muscle spasm is reported to be as high as 
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1% after induction of anesthesia with halothane fol- 
lowed by succinylcholine (9). 
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Alterations in Host Defense Associated with Inhalation Anesthesia 


and Blood Transfusion 


J. Paul Waymack, mp, Phillip Miskell, Bs, and Sara Gonce, Bs 


WAYMACK JP, MISKELL P, GONCE S. Alterations in 
host defense associated with inhalation anesthesia and 
blood transfusion. Anesth Analg 1989;69:163-8. 


Anesthesia and blood transfusions have been demonstrated 
to impair immune function. The present study evaluated 
whether these impairments led to increased susceptibility to 
infectious complications in two animal models. Both trans- 
fusions and anesthesia (methoxyflurane) were found to 
increase susceptibility to peritoneal Escherichia coli infec- 


The comparatively recent developments in anesthesia 
and blood transfusions have provided conditions for 
many major advances in surgery. These techniques 
have enabled surgeons to perform more complicated 
operative procedures than what could have been 
imagined in the early 19th century. Initially, there 
was a Significantly high rate of cardiac problems with 
the use of inhalation anesthesia and of renal failure 
from the infusion of incompatible blood. The demon- 
stration by Landsteiner (1) and others of the major 
blood groups and the development of safer combina- 
tions of anesthetic agents have decreased these 
risks (2). 

In the last decade, evidence has emerged that the 
use of both inhalation anesthesia and transfusions 
poses certain previously unrecognized risks to the 
patient. These risks include immunosuppressive se- 
quelae (3,4). 

To determine whether the immunosuppression 
that follows anesthesia and transfusion also increases 
susceptibility to infectious complications, these tech- 
niques were evaluated in two separate septic rat 
models. 
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tions. This susceptibility increased with time after the 
transfusions but decreased with time after anesthesia. Nei- 
ther transfusions nor anesthesia altered susceptibility to an 
intravenous Escherichia coli challenge in rats. 


Key Words: ANESTHETICS, VOLATILE— 
methoxyflurane. TRANSFUSION—immunologic 
effects. IMMUNE RESPONSE—transfusions, 
inhalation anesthesia. INFECTION, EFFECTS OF 
TRANSFUSIONS AND INHALATION ANESTHESIA. 


Materials and Methods 
Animals 


A total of 660 adult male Lewis rats weighing ca. 
200 g were used for the septic phases of this study. 
Thirty male A-Sogaloff Cancer Institute (ACI) rats 
were used as blood donors. The animals were housed 
in individual cages and were given food and water ad 
libitum throughout the study. All animals were ob- 
served for 1 week before entry into the protocol to 
exclude the possibility of preexisting disease. The 
care of all animals was in accordance with the guide- 
lines set forth by the Animal Welfare Act and other 
Federal statutes and regulations relating to animals 
and studies involving animals and with the Guide for 
the Care and Use of Laboratory Animals, National Insti- 
tutes of Health Publication 86-23. 


Anesthesia 


Those animals assigned to receive anesthesia were 
given methoxyflurane until rendered unconscious. 
The methoxyflurane was given by saturating several 
gauze sponges with the agent and placing the 
sponges plus each rat into an enclosed clear plastic 
container 23 cm in diameter and 15 cm in length. The 
animals required about 2-3 min in the container to be 
rendered unconscious. They were then removed 
from the container and allowed to recover from 
anesthesia by breathing room air. Methoxyflurane 
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was used in this study because this anesthetic, in our 
previous work, was able to anesthetize rats safely 
without complications and because toxic levels of its 
metabolites are not generated during brief periods of 
administration. An inhalation agent was used be- 
cause of the difficulty in safely administering intrave- 
nous anesthetic agents to rats. Intravenous agents 
were not administered intraperitoneally in that, al- 
though this technique is easy and safe, it was feared 
that the agents might be directly toxic to the leuko- 
cytes present in the peritoneal cavity and thus alter 
resistance to the peritonitis challenge in a clinically 
irrelevant manner. 


Transfusions 


Blood was obtained from the donors by cardiac 
puncture. The blood was mixed at a 4:1 volume ratio 
with standard citrate-phosphate-dextrose—adenine 
anticoagulant and was stored at 4°C for 1 day before 
infusion. The transfusions were given intravenously 
at a dosage of 0.5 mL per animal. Previous studies 
had determined that blood harvested in this manner 
did not exhibit any measurable hemolysis. 


Controls 


Animals assigned to the control group received 1.5 
mL per animal of normal saline administered intra- 
venously. The threefold increase in the volume of 
crystalloid administered in the control group com- 
pared with the volume used in the transfusion 
groups was chosen since it was felt that this would 
most closely approximate the intravascular volume 
changes seen with the use of 0.5 mL of whole blood 
in the transfusion group. Animals in the anesthesia 
groups were also given 1.5 mL of saline. There were 
no syngeneic (pseudoautologous) transfusion control 
groups since the results utilizing such groups has 
previously been demonstrated to yield results which 
are statistically indistinguishable from saline con- 
trols (4). 


Bacteria 


The strain of Escherichia coli, which was supplied by 
Dr. Richard Simmons, was initially isolated from a 
human infection at the University of Minnesota Hos- 
pitals and has been demonstrated to be able to cause 
a lethal peritoneal infection in rats. The E. coli was 
incubated for 18 hr at 37°C in standard trypticase soy 
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broth and was washed three times in normal saline to 
remove any free endotoxin. Appropriate dilutions 
were made with the normal saline to achieve a final 
concentration of 1 x 10% or 1 x 10’ colony-forming 
units/mL of normal saline. The E. coli was adminis- 
tered in one of two septic models. In the first, 1 mL of 
the 1 x 10’ cfu/mL suspension was administered 
intraperitoneally through a 22-gauge needle into the 
Lewis rats. In the second model, 1 mL of the 1 x 10° 
cfu/mL suspension was administered intravenously 
through the dorsal penile vein. 


Treatment Groups 


There were 12 separate treatment groups for each of 
the two septic models (n = 20 animals per group in 
intravenously challenged models and n = 22 in 
intraperitoneally challenged models). In six of these, 
blood transfusions were administered intravenously 
at varying time periods before septic challenge. These 
time periods were 3, 6, 5, 4, or 3 days before and on 
the day of septic challenge. Six groups were given 
anesthesia 7, 6, 5, 4, or 3 days before or on the day of 
septic challenge. There was also a final group for both 
septic models that received saline and were used as 
the control groups (n = 72 for intravenously chal- 
lenged model, n = 84 for intraperitoneally challenged 
model). 

Animals receiving the intraperitoneal challenge 
were observed for 3 days after the E. coli administra- 
tion. With this model, animals surviving to 3 days 
had no further mortality and were assigned a survival 
time of 8 days for statistical analysis. 

Animals receiving the intravenously administered 
E. coli were observed for 10 days after the septic 
challenge. Animals surviving to 10 days had no 
further mortality and were assigned a survival time of 
10 days for statistical analysis. 


Statistical Analysis 


All data were analyzed on the University of Cincin- 
nati CLINFO computer system. Both mean survival 
time + sEM and percent survival were calculated. 
Statistical significance was calculated using Chi 
square analysis, Fisher’s exact test, and the Wilcoxon 
test. 


Results 


Neither blood transfusions nor anesthesia signifi- 
cantly altered survival in animals that were subse- 
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Table 1. Mean Survival Times (+ sEM) and Rates (%) in Rats Challenged with Intravenous Escherichia coli 


Time from treatment to challenge (days) 


7 6 5 4 3 0 
Anesthesia 3.65 + 0.68 5.40 + 0.88 5.40 + 0.90 2.95 + 0.71 3.30 + 0.72 4.25 + 0.89 
(15) (40) (40) (15) (15) (30) 
Transfusion 4.85 + 0.88 3.50 + 0.78 4.30 + 0.93 4.30 + 0.83 4.80 + 0.89 4.00 + 0.69 
(35) (20) (30) (25) (35) (15) 


Mean survival time was 4.67 + 0.45 days, and survival rate was 31% for control rats. 


Table 2. Mean Survival Times (+ SEM) and Survival Rates (%) in Rats Challenged with Intraperitoneal Escherichia coli 


Time from treatment to challenge (days) 


7 6 5 4 3 0 
Anesthesia 6.55 + 0.53 5.95 + 0.59 5.32 + 0.59" 6.77 + 0.49 5al t O62" 4,50 + 0.75° 
(73) (59) (45)" (73) (45)* (45)° 
Transfusion 4.41 + 0.68" 5.36 + 0.67 6.18 + 0.58 6.82 + 0.43 6.05 + 0.63 5.86 + 0.59 
(21) (55) (64) (64) (68) (59) 


Mean survival time was 6.55 + 0.25 days, and survival rate was 68% for control rats. 


°P = 0.05 vs control group. 
°P < 0.05 vs control group. 


quently challenged with the intravenously adminis- 
tered E. coli. Control rats that received normal saline 
had a 31% survival rate and a mean survival time of 
4.67 0.45 days. The mean survival times and 
survival rates for the intravenously challenged ani- 
mals are shown in Table 1. 

Both anesthesia and blood transfusions altered 
survival rates and mean survival times in rats chal- 
lenged intraperitoneally with E. coli (Table 2). In the 
control rats which received normal saline before 
intraperitoneal E. coli challenge, there was a mean 
survival time of 6.55 + 0.25 days. The mean survival 
time was significantly decreased in rats given blood 
transfusions 7 days before septic challenge. These 
rats had a mean survival time of 4.41 + 0.68 days 
(P = 0.002 vs saline control). 

Anesthesia also decreased mean survival times. 
This alteration was most significant as the anesthesia 
was administered closer to the time of septic chal- 
lenge. When the anesthesia was administered 5 days 
before the challenge, the mean survival time was 5.32 
+ 0.59 days (P = 0.041 vs saline control). The mean 
survival time when anesthesia was given 3 days 
before challenge was 5.41 + 0.62 days (P = 0.045). 
Anesthesia administered on the day of septic chal- 
lenge decreased the mean survival time to 4.50 + 0.75 
days (P = 0.004). 

Survival rates were also significantly altered in rats 
given either anesthesia or blood transfusions and 
then challenged intraperitoneally (Table 2). The sur- 
vival rate in the control rats that received saline was 
68%. Those rats transfused 7 days before septic 
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challenge had a 21% survival rate (P = 0.02 vs saline 
group). 

The percent survival in rats given anesthesia was 
also most significantly impaired when the anesthesia 
was administered closer to the time of septic chal- 
lenge. When the anesthesia was administered 5 or 3 
days before challenge or on the day of challenge, the 
survival rate decreased to 45% (P = 0.05). 


Discussion 


Surgical patients suffering sepsis, malnutrition, and 
thermal injuries frequently develop various degrees of 
immunosuppression. Such immunodeficiency states 
predispose to potentially lethal infectious complica- 
tions (5). Surgical patients may also require inhalation 
anesthesia and blood transfusions. 

Our model demonstrated an increased susceptibil- 
ity to bacterial infections after the administration of 
inhalation anesthesia. Extrapolation of this finding to 
include all types of anesthesias cannot safely be made 
based solely on our data. We did not evaluate the 
effect of intravenous anesthetic agents in our rat 
model because of the difficulties described above. 
Additionally, our choice of inhalation agent, al- 
though safe in rats when administered for short 
periods as in our model, is no longer used in humans 
owing to its nephrotoxicity with prolonged adminis- 
tration. Nonetheless, we did demonstrate that, at 
least in one type of animal model, one type of 
inhalation agent increases susceptibility to bacterial 
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infections. Such a finding is consistent with previous 
human studies which demonstrated that general an- 
esthesia impairs various components of the body’s 
immune system. Slade and others (3) demonstrated 
an impairment in the patient’s cell-mediated immune 
system as measured by skin response to intrader- 
mally applied antigens, a decrease in the blood lym- 
phocyte count, and an impairment in lymphocyte 
blastogenic response to mitogen stimulation after the 
induction of anesthesia. This immunosuppression 
was seen in normal, healthy, living related kidney 
donors who had no evidence of any preexisting 
underlying disease, and was found to begin with the 
induction of general anesthesia. 

It has also been recognized that blood transfusions 
impair immune function (4). The earliest evidence of 
this immunosuppression was noted in transplant 
surgery. Transplant patients given pretransplant 
blood transfusions have a more prolonged allograft 
survival than do nontransfused patients due to the 
transfusion-induced immunosuppression (6-10). 

More recently, patients with malignancies given 
perioperative blood transfusions had a higher inci- 
dence of tumor recurrence, presumably due to the 
posttransfusion immunosuppression (4). By 1987, 
there were 11 reports on this phenomenon (11-23). 
These reports included recurrence rates associated 
with blood transfusions in patients with cancers of 
the colon (11-16), lung (17,18), and breast (19,20) as 
well as with sarcomas (21). In three of these reports, 
the transfusions failed to alter the rate of tumor 
metastases or decrease long-term survival rates (15, 
16,20). The remaining eight papers demonstrated an 
increased rate of tumor recurrence and metastases in 
patients who received perioperative blood transfu- 
sions (11—14,17-19,21). It could be argued that, in all 
of these studies, the poorer results in transfused 
patients were due to the requirements of the patients 
with the more advanced tumors for a greater propor- 
tion of the transfusions and not to any immunosup- 
pressive nature of the transfusions. This criticism is 
probably not valid for two reasons. First, most of the 
above retrospective studies separately analyzed pa- 
tients based on their tumor, nodal, or metastases 
stage and were able to show differences in the detri- 
mental effect of transfusions in the different stages of 
disease. Secondly, in studies in which rats were given 
an identical amount of a tumor (sarcoma) burden, 
with half being transfused and the remaining half 
given saline, transfused rats had decreased survival 
rates and increased rates of tumor growth (22). 

Christou and others (23) studied the effects of 
blood loss on immune function in patients with 
gastrointestinal bleeding who required surgical inter- 
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vention and found a positive correlation between 
infection rates and the use of blood transfusions. 
They further noted that patients who received blood 
transfusions had a decreased cell-mediated immune 
function as measured by skin testing. The immuno- 
suppression was attributed to the hypovolemia re- 
sulting from the gastrointestinal bleeding which had 
necessitated the transfusions. In light of more recent 
work on the immunologic sequelae of transfusions, it 
may be that the transfusions were, at least in part, a 
cause of the higher infection rate. 

Tartter and others (24) analyzed risk factors for the 
development of infections after colon surgery. They 
found rates of infectious complications higher in 
patients given transfusions in the perioperative pe- 
riod than in nontransfused patients with the same 
type of tumor and surgery. They failed to note any 
adverse effect on infection rates owing to age, blood 
loss, or duration of operation. 

Blood transfusions in nonsurgical patients also 
impair components of the immune system. These 
include a decrease in the OKT4/OKTS8 (helper/ 
suppressor) T-lymphocyte ratio in patients with sick- 
le-cell anemia and hemophilia who require transfu- 
sions (25,26). In such patients, there is also inhibition 
of their natural killer cell activity (27). 

Although all of these studies provide strong evi- 
dence that transfusions do indeed immunosuppress 
patients and render them at increased risk for the 
development of infectious complications, it could still 
be argued that it was not the transfusions that caused 
the immunosuppression. This is because of the in- 
ability to prove that, except for receiving blood prod- 
ucts, the two patient groups (transfused and non- 
transfused) were otherwise identical. Animal studies 
have been able to achieve this goal since the groups of 
transfused and nontransfused rats were identical 
except that one had received blood. 

One of the initial animal model studies reported 
that allogeneic blood transfusion from an ACI to 
Lewis rat model caused significant impairment in 
macrophage function. This study demonstrated an 
impaired cell-mediated immune response in animals 
receiving allogeneic transfusions (28). The transfu- 
sions also decreased the migration of macrophages 
into the peritoneal cavity in response to inflammatory 
stimuli. Macrophages obtained from allogeneically 
transfused rats were found to have significant alter- 
ations in their metabolism of arachidonic acid (29). 
These alterations included a 50% increase in the 
production of thromboxane and prostacyclin and a 
150% increase in the production of prostaglandin E 
compared with the production by macrophages ob- 
tained from nontransfused rats. The increase in pros- 
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taglandin E production was also present in trauma- 
tized rats given allogeneic blood transfusions (30). 
There were no alterations in the production of the 
immunostimulatory leukotrienes B4 or C4 after the 
administration of allogeneic blood (29). Finally, mac- 
rophages obtained from allogeneically transfused rats 
inhibited normal lymphocyte blastogenesis in re- 
sponse to mitogen stimulation (31). 

Blood transfusions also increase the mortality rate 
in a burn sepsis rat model (32). This effect was seen 
only with allogeneic transfusions and not with syn- 
geneic transfusions. Increasing the number or vol- 
ume of the transfusions failed to increase significantly 
the mortality rate over that seen with a single trans- 
fusion (33). 

The thermal injury used in that burn sepsis model 
induces a moderate degree of immunosuppression by 
itself. To determine whether blood transfusions alone 
could induce an immunodeficient state sufficient to 
increase susceptibility to potentially lethal infections, 
the model described in the present study was used. A 
methoxyflurane anesthesia group was added to the 
transfusion and saline control groups to quantitate 
the degree of increased susceptibility to infectious 
complications resulting from anesthesia. This al- 
lowed a comparison of the degree to which each 
agent, transfusions or anesthesia, altered resistance 
to infections. 

Two types of septic challenge were used, an intra- 
peritoneal and an intravenous bacterial injection, to 
allow for a comparison of alterations in local and 
systemic resistance to infection. There were signifi- 
cant alterations noted in mean survival time and 
percent survival rate with the intraperitoneal chal- 
lenge model. In the anesthesia group, the more 
closely anesthesia was administered to the time of 
challenge, the more severe the impairment in resis- 
tance to infection. This indicates that the anesthesia- 
induced immunosuppression is very short term. The 
immunosuppression appears to be most severe at the 
time of administration of the anesthesia. This is 
unfortunate for surgical patients since the most likely 
time for the initiation of an infection may be during 
the administration of anesthesia, i.e., at the time of 
operation. 

Blood transfusions in the present study increased 
the susceptibility to peritonitis gradually over a 1- 
week period. This is consistent with transplantation 
studies which have shown that the posttransfusion 
immunosuppression increases during the initial week 
after transfusion (10). The increased susceptibility in 
the present study reached statistical significance 1 
week after transfusion. This delay in the onset of 
immunosuppression indicates that the immunosup- 
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pression is probably complex and multistage. sa- 
ture. It may be related to the sequelae of the alter- 
ations in prostaglandin E synthesis noted in the 
earlier studies. Such alterations have been shown 
over a period of time to increase the number of 
suppressor white blood cells (34). 

The demonstration of an increased mortality rate 
in intraperitoneally challenged rats but not in intra- 
venously challenged rats suggests that the location of 
the immunosuppressive defect after blood transfu- 
sions is in the local response to bacteria. This defect 
could be located either in the peritoneal bactericidal 
response or in the lymphatic system’s handling of the 
bacteria. Further investigations in this area are indi- 
cated. 

If the data in this paper can be extrapolated to 
humans, the delayed onset of the immunosuppres- 
sion after transfusion has clinical significance. Since 
the immunosuppression seen after transfusions ap- 
pears to increase with time over at least the first week 
after the administration of blood, it would appear 
advisable to delay blood transfusions until the last 
possible moment. In a patient awaiting surgery with 
a severe anemia, this would mean administering 
blood just before the induction of anesthesia rather 
than following the more standard protocol of admin- 
istering the blood at least 1 day before surgery so that 
a laboratory report showing a normal hematocrit can 
be present in the chart before taking the patient to the 
operating room. 

Preventicn of the anesthesia-induced immunosup- 
pression may require the development ofimmunostim- 
ulatory drugs. Efforts in that area appear to be near- 
ing success (35). 
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To evaluate the efficacy of the computer-processed electro- 
encephalogram (EEG) for determining near-awakening 
from anesthesia, 14 patients were monitored during emer- 
gence from either isoflurane or fentanyl anesthesia at the 
termination of major surgical procedures. The raw EEG 
was obtained using bilateral frontomastoid electrodes. The 
compressed spectral array was digitized and recorded on 
disk in 4-s epochs using a Tractor Northern “Nomad” 
processor. The EEG information was displayed in four 
formats: 1) the frequency-power spectrum from 1-20 Hz, 2) 
the 95% power frequency, 3) the 50% power frequency, and 
4) the ratio of power in the 8-20 Hz frequency range to the 
power in the 1-4 Hz frequency range (delta ratio). During 
emergence from tsoflurane, there were obvious changes in 


Electroencephalographic (EEG) criteria that would 
assist in the early detection of excessively light levels 
of general anesthesia would be of considerable assis- 
tance to clinicians. On-line computerized spectral 
analysis of the EEG has facilitated the search for such 
criteria, and a variety of descriptors of the EEG have 
been suggested as indicators of anesthetic depth. 
Among these, spectral edge frequency (the frequency 
below which 95% of the EEG power resides), median 
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the EEG frequency-power spectrum that occurred several 
minutes before patients opened their eyes in response to 
verbal stimuli. Although no one descriptor of EEG activity 
could be shown to be superior in anticipating when patients 
would respond by opening their eyes, awakening was 
always presaged by an abrupt decrease in power in the 1-4 
Hz frequency range; this resulted in a marked increase in 
the delta ratio value. During emergence from fentanyl 
anesthesia, however, there was no obvious change in the 
overall EEG frequency-power spectrum. However, the same 
numeric EEG descriptors that were predictive of awakening 
from isoflurane also occurred during emergence from fen- 
tanyl, even though they usually occurred within 1 min of 
awakening. It is concluded that EEG criteria for identifying 
when patients will awaken from anesthesia are more reliable 
with isoflurane than with fentanyl. 


Key Words: BRAIN, ELECTROENCEPHALOGRAPHY. 
ANESTHETICS, tnrravENous—fentany]l; 
VOLATILE— isoflurane. MEASUREMENT 
TECHNIQUES, ELECTROENCEPHALOGRAPHY. 


power frequency (the frequency below which 50% of 
the EEG power resides), and ratio of power in the 
8-20 Hz range to power in the delta (1—4 Hz) range (6 
ratio) have been reported previously (1-3). This study 
was designed to compare the utility of these various 
descriptors of the EEG power spectrum for identify- 
ing near emergence from light isoflurane or fentanyl 
anesthesia, using eye-opening in response to verbal 
stimuli as an end point for awakening. 


Methods 


Fourteen female patients, mean (+ SE) age 56 + 3 
years, were studied with Institutional Review Board 
approval and written, informed, preoperative con- 
sent. All patients were undergoing surgery for cancer 
of the breast (mean [+ sE] duration 120 + 13 min). 
Because EEG changes associated with loss of con- 
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Figure 1. Representative EEG frequency-power spectrum pattern 
for left and right hemispheres during emergence from isoflurane. 
The EEG frequency is shown across the top; time moves from top 
to bottom (hr-min:s) in horizontal stripes indicative of four-s 
epochs; increasing power at a given frequency is indicated by 
increasingly darker dots. Arrow A indicates time when isoflurane 
was terminated. Arrow B indicates the abrupt shift in EEG pattern 
where there was loss of low-frequency activity and an increase in 
power at higher frequencies. Arrow C indicates when the patient 
opened his eyes on command. See text for description of EEG 
acquisition parameters. 


sciousness occur predominantly over the frontal cor- 
tex (4), we chose to place recording electrodes in a 
bilateral frontomastoid array at the F3-Al and F4-A2 
positions, according to the International 10-20 no- 
menclature system. These electrode positions have 
been used successfully by other investigators for 
intraoperative EEG studies (5,6). Electrode imped- 
ances were always <2000 ohms. The EEG spectral 
analysis was performed on-line with a Tracor North- 
ern Nomad processor. Every 4 s (1 epoch), the raw 
EEG signal was computer-processed using Fourier 
analysis. The EEG analyzer generated digital infor- 
mation regarding the power (uV°) in the EEG at each 
frequency in the spectrum between 1 and 20 Hz. 
Higher frequencies were not analyzed to avoid arti- 
fact caused by frontalis muscle activity during emer- 
gence. The EEG power spectrum data were recorded 
throughout anesthesia and saved on disk. The me- 
dian power, spectral edge, and delta ratio descriptors 
were computed using Tracor Northern proprietary 
data quantification software. 
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No preoperative sedation was given. Patients were 
anesthetized with a thiopental, nitrous oxide-oxygen, 
and vecuronium sequence, supplemented with either 
isoflurane (1% inspired) or fentanyl (1 ug'kg hr! 
after an initial bolus of 5 wg/kg in-ravenously [IV]). 
The choice of isoflurane versus fentanyl was made 
randomly, using an envelope method. As surgical 
closure began, neuromuscular blockade was reversed 
and N O was discontinued; isoflurane and fentanyl 
were terminated during skin closure, while minute 
ventilation was held constant. Once isoflurane or 
fentanyl was discontinued, patients were repeatedly 
asked to open their eyes at 15 s intervals until they 
were able to follow this command. End-tidal CO, 
(Criticare POET), NO, and isoflurane concentrations 
(Perkin-Elmer mass spectrometer) were recorded at 
the following times: 1) when the primary anesthetic 
was terminated, and 2) when patients opened their 
eyes when requested to do so. 

Throughout the emergence period, each EEG vari- 
able was tabulated off-line for five consecutive, arti- 
fact-devoid epochs as follows: 1) just before the 
anesthetic was discontinued, 2) just before and 3) just 
after the EEG power spectrum abruptly changed (Fig. 
1), and 4) just before patients opened their eyes in 
response to verbal stimuli (time “0”). The time inter- 
vals between eye opening and other data collection 
points were tabulated in seconds For each anes- 
thetic, EEG data obtained at the five epoch times 
were subjected to statistical comparison using Wil- 
coxon’s rank-sum test for paired data. A probability 
(P) value <0.01 represented statistical significance. 


Results 


Figure 1 is a representative EEG frequency-power 
spectrum display during emergence from isoflurane- 
O, anesthesia. Several minutes after isoflurane was 
discontinued, there was a sudden and marked loss of 
power in the 1—4 Hz range combined with an increase 
in power at higher (>8 Hz) frequencies. Such 
changes are self-evident because they occur in real 
time, as well. The trend analysis ož the same awak- 
ening sequence (Figure 2) highligh:s the changes in 
EEG-derived parameters that typically occur between 
the time the primary anesthetic is terminated and the 
moment when awakening occurs. The frequencies 
below which both 50 and 95% of the EEG power 
reside can be seen to change gradually during emer- 
gence, whereas the 6 ratio parameter changed 
abruptly several minutes after isoflurane was discon- 
tinued. 

The EEG frequency-power spectrum pattern dur- 
ing emergence from fentanyl was considerably dif- 
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Figure 2. Trend plot of EEG-derived parameters for the same 
patient described in Figure 1. This emphasizes the large shift in the 
bratio C25) parameter and the gradual changes in both the 50 and 
95% power frequencies that occurred before the patients’ awaken- 
ing. MPF = median power frequency; SEF = spectral edge fre- 
quency. 
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Figure 3. Representative EEG frequency-power spectrum plot 
during emergence from fentanyl-O, anesthesia. The predominance 
of low-frequency power (1—4 Hz) persisted from the time fentanyl 
infusion was terminated (arrow A) until eye opening occurred 
(arrow C), when the EEG pattern is distorted by muscle movement 
artifact. It was not possible to identify a point that predicted 
awakening from fentanyl anesthesia. 


ferent. In contrast to the obvious EEG changes seen 
during isoflurane emergence, patients anesthetized 
with fentanyl typically demonstrated only subtle 
changes in the overall EEG power spectrum until the 
moment of awakening, when muscle artifact tended 
to dominate the power spectrum (Figure 3). The 
derived parameters that we studied could only be 
seen to change during off-line analysis, but were of 
no use in real time for predicting when patients 
would awaken. 

In an attempt to compare the timing of the EEG 
changes associated with emergence from isoflurane- 
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O, and fentanyl-O, anesthesia, Table 1 summarizes 
our observations with regard to 6 ratio and 50 and 
95% power frequencies during emergence from both 
anesthetic techniques. All three EEG parameters 
demonstrated a statistically significant “shift” indic- 
ative of imminent awakening from both isoflurane 
and fentanyl. In the case of fentanyl, not only were 
these changes relatively subtle, but they occurred, on 
average, within 1 min of eye opening. In contrast, 
awakening from isoflurane was always presaged by 
large-scale changes in the EEG parameters that oc- 
curred several minutes before awakening. During 
emergence from both anesthetics, the magnitude of 
the change in the 6 ratio was always more than 
twofold, which was considerably greater than that 
observed for either the 50 or 95% power frequencies. 

No significant change in P,,cO, occurred during 
emergence from either anesthetic regimen, and end- 
tidal NO concentration was always <5%. End-tidal 
isoflurane concentration was 0.90 + 0.11% when the 
agent was discontinued and 0.16 + 0.02% when eye 
opening occurred. 


Discussion 


Light levels of general anesthesia are frequently used 
in combination with muscle relaxants, despite the fact 
that physical signs of inadequate anesthetic depth are 
notoriously unreliable (7). A simple real-time descrip- 
tor of near-consciousness, as determined by the com- 
puter-processed EEG, would be a potential boon to 
all clinicians. It would serve to avoid awareness of 
intraoperative events (8) and determine near- 
awakening during emergence from general anesthe- 
sla. 

Both isoflurane and fentanyl cause EEG power in 
the 6 range to increase markedly, coincident with 
decreases in aand B power (1,2). Computation of the 
ratio of the power in these frequency spectra magni- 
fies this numeric descriptor and gives an end point 
indicative of either loss of consciousness or the near 
return to consciousness. In contrast, the 50 and 95% 
power frequencies change gradually during alter- 
ations in anesthetic depth. In real time, the gradual 
nature of the changes in these parameters makes it 
more difficult to identify near-awakening than is the 
case for the 6 ratio parameter. Given the obvious 
limitations of single number descriptors and the fact 
that not all EEG processors can compute power 
spectrum ratios in real time, it is our belief that 
recognition of the overall pattern of the EEG power 
spectrum is probably the most useful technique for 
identifying adequate depth of anesthesia. 
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Table 1. Timing of Changes in EEG Frequency-Power Spectrum Descriptors during Emergence from Anesthesia 


95% Power 50% Power Time 
End point frequency frequency ô ratio (8) 
Isoflurane emergence 
Agent off 13.1 £ 0.9 5.5 + 0.8 1.5 + 0.7 —984 + 103 
Before shift 15.5 + 0.6* 8.2 + 0.6* 1.8 + 0.3 
At EEG shift —639 + 71 
After shift 16.3 + 0.6* 9.2 + 0.6* 4.1 + 0.9* 
Awake 17.9 + 0.4* 10.1 + 0.9 4.7 + 0.7 0 
Fentanyl emergence 
Agent off 12.9 + 1.5 3.4 + 0.6 0.4 + 0.1 —214 + 34 
Before shift 13.2 + 1.6 3.4 + 0.8 0.5 + 0.2 
At EEG shift -51 + 33 
After shift 15.6 + 1.0* 6.4 + 1.1* 1.7 + 0.6* 
Awake 16.3 + 1.0 7.0 + 1.6 2.7 + 1.0 0 
EEG power at 8-20 Hz 


*P < 0.01 vs. previous value. 5 ratio = 
EEG power at 14 Hz 
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Figure 4. Trend plot of EEG-derived parameters generated during 
N,O-O,-isoflurane anesthesia with complete neuromuscular block- 
ade and controlled ventilation (P,,CO, 26 mm Hg). When the 
end-tidal isoflurane concentration was allowed to decrease from 
1.2 to 0.3%, the ô ratio parameter changed markedly and was 
reversed by reintroducing isoflurane into the anesthetic gas mix- 
ture. In contrast, the 95 and 50% frequency (Freq)-power changed 
only gradually with changes in end-tidal isoflurane concentration. 


Frontalis muscle activity may produce high- 
frequency (>20 Hz) artifact that can be interpreted as 
part of the EEG power spectrum. It was for this 
reason that we chose to analyze EEG power only at 
frequencies <20 Hz. To further ensure that our 
observations during emergence were not simply 
manifestations of muscle activity, however, we 
briefly lightened isoflurane anesthesia intraopera- 
tively in instances where there was complete aboli- 
tion of twitch response to supramaximal ulnar nerve 
stimulation. Figure 4 is a representative tracing of the 
50 and 95% power frequencies and ô ratio in this 
situation. As occurred during awakening, the magni- 
tude of the shift in 6 ratio and its change with 
subsequent reintroduction of isoflurane anesthesia is 
self-evident. Thus we believe that our findings dur- 
ing awakening are, in fact, representative of EEG 


. All values are reported as mean + SE. 


changes and not artifact from fronfalis muscle activ- 
ity. | 

Other points on the anesthetic dose-response 
curve besides awakening and/or loss of conscious- 
ness have been examined using the computer- 
processed EEG. Levy (4) associated the onset of 
amnesia during induction of enflurane anesthesia 
with an increase in high-frequency EEG activity. This 
was replaced with an increase if power at low fre- 
quencies (0-4 Hz) as patients lost consciousness, 
although Levy did not attempt to quantitate these 
changes. Rampil and Matteo (9) demonstrated that 
hemodynamic responses to endotracheal intubation 
could be prevented during a thiopental-lidocaine- 
fentanyl-droperidol anesthetic sequence if the 
“spectral edge” frequency (which they defined as the 
highest frequency present in the EEG signal) was <15 
Hz. Schwilden and Stoeckel (2) four.d that isoflurane- 
NO anesthesia always produced a median power 
frequency <5 Hz, whereas this parameter was always 
>5 Hz when the patients were awake. We believe, 
however, that the relatively gradual changes that 
occur with the two latter parameters render them less 
than ideal as clinically useful descriptors of anesthetic 
depth. 

Evaluation of the return of near-consciousness by 
EKG criteria was more reliable with isoflurane than 
with fentanyl because with isoflurane, several min- 
utes intervened between recognizable EEG changes 
and awakening. Thus, in clinical prectice, it would be 
possible for an observant anesthetist to deepen the 
level of anesthesia before the patient emerges exces- 
sively. At the time of awakening, the end-tidal iso- 
flurane concentration we observed (0.16 + 0.02%), 
was, on an age-adjusted basis, esser:tially the same as 
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the 0.19 + 0.02% value identified recently by Gross 
and Alexander (10) as “MAC awake” for isoflurane. 

In contrast to isoflurane, fentanyl is a more difficult 
agent for evaluation of the return of near-conscious- 
ness by EEG criteria. Not only are the changes in the 
EEG power spectrum pattern more subtle, but the 
brief interval between identifiable changes in derived 
parameters and awakening (<1 min on average) 
means that it is nearly impossible for the clinician to 
respond by deepening anesthesia before the patient 
awakens. In part, this is a result of the hysteresis 
between EEG response to fentanyl and plasma levels 
of drug, as noted by Scott et al. (1). They observed 
that the spectral edge increased abruptly just before 
emergence from fentanyl anesthesia, despite minimal 
decreases in plasma drug levels during this time. 
Although there are difficulties inherent in using the 
computer-processed EEG for determining anesthetic 
depth during fentanyl anesthesia, we still find it 
helpful to confirm that a patient with normal vital 
signs is adequately anesthetized by observing an EEG 
frequency-power spectrum with power distributed 
predominantly in the 0-4 Hz frequency range. 

The question of intraoperative recall (as opposed 
to near-awakening) is exceedingly complex, and is 
not likely to be solved by EEG criteria alone. Levy (4) 
showed that during induction of anesthesia with 
enflurane, amnesia occurred before patients lost their 
responsiveness to verbal commands. Extrapolating 
Levy’s findings to this study might tempt one to 
conclude that patients who are barely able to respond 
to verbal stimuli during emergence are also unlikely 
to have recall at that time. Therefore, they would be 
even less likely to have recall at the time of the EEG 
changes we have described during emergence from 
anesthesia. 

Although our patients did not recall either awak- 
ening in the operating room or the discomfort of skin 
closure, there is still the possibility that some patients 
might be aware of intraoperative events if, during 
surgery, anesthesia were lightened to the level of the 
EEG frequency-power spectrum changes that we 
described. Because of the short time between the EEG 
changes and awakening from fentanyl, we expect 
that awareness would be more likely to occur during 
fentanyl anesthesia. In contrast, because several min- 
utes intervene between EEG changes and awakening 
from isoflurane anesthesia, we feel confident that 
awareness would be extremely unlikely as long as the 
level of isoflurane anesthesia was promptly deepened 
in response to the EEG changes described. Clearly, 
however, more studies that specifically address the 
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issue of intraoperative awareness need to be done 
before this question can be answered definitively. 

In conclusion, we have described the use of the 
computer-processed EEG during emergence from 
two commonly used anesthetic techniques, both in 
terms of the overall frequency-power spectrum and 
single-number descriptors of the frequency-power 
spectrum. A readily identifiable shift in the frequen- 
cy-power spectrum presages awakening, which may 
prove to be a useful index of impending awareness. 
This frequency-power spectrum shift can be quanti- 
tated in terms of a variety of single-number descrip- 
tors, although the overall power spectrum pattern is 
probably the most useful index of emergence from 
general anesthesia. If one goal of EEG monitoring is 
to avoid excessively light levels of general anesthesia, 
more time would be available to adjust to an inade- 
quate level of isoflurane anesthesia than is the case 
with fentanyl anesthesia. 


We thank George Wong, PhD of the Department of Biostatistics at 
Memorial Sloan-Kettering Cancer Center for his valuable assis- 
tance, and Tracor Northern Co. for generously donating the EEG 
processor used in this investigation. 
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Normovolemic Hemodilution and Lumbar Epidural Anesthesia 
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5 Martine Arthaud, Pharm D, and Pierre Viars, MD 


MOUREN 5, BARON JF, HAG B, ARTHAUD M, 
VIARS P. Normovolemic hemodilution and lumbar 
epidural anesthesia. Anesth Analg 1989;69:174-9. 


This randomized study was designed to determine the 
cardiovascular effects of normovolemic hemodilution and 
lumbar epidural anesthesia in patients scheduled for vascu- 
lar surgery. The patients were randomly assigned to three 
different groups: group 1 (N = 10) included patients 
undergoing lumbar epidural anesthesia without hemodilu- 
tion; group 2 (N = 10) consisted of patients with normo- 
volemic hemodilution without epidural anesthesia; and in 
group 3 (N = 10) normovolemic hemodilution was pro- 
duced during lumbar epidural anesthesia. The three groups 
included several patients with a history of either myocardial 
infarction or stable mild angina or treated and controlled 
hypertension. In group 1, the level of epidural anesthesia 
reached T-9 + 1. After lumbar epidural anesthesia and 7 
mL/kg colloid infusion, pulmonary capillary wedge pressure 
increased slightly but significantly above baseline, without 
significant changes either in mean arterial pressure or in 
cardiac index. In group 2, the same colloid infusion as in 


Cardiovascular effects of normovolemic hemodilution 
include increased cardiac index that may compensate 
for the decreased arterial oxygen content and thereby 
maintain normal systemic oxygen transport (1,2). The 
effects of normovolemic hemodilution during general 
anesthesia are well. known since this association is 
commonly seen in the surgical setting (3—6). In con- 
trast, cardiovascular effects of epidural anesthesia 
-and normovolemic hemodilution are unknown. The 
potential adverse effects of lumbar epidural anesthe- 
sia and normovolemic hemodilution on venous re- 
turn and sympathetic nervous system activity have to 
be considered. Nevertheless, theoretical benefits that 
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group 1 when infused before normooclemic hemodilution 
increased pulmonary capillary wedge pressure and cardiac 
index without significant effects on arterial blood pressure. 
Normovolemic hemodilution using a colloid solution de- 
creased hemoglobin concentration (18%) and increased car- 
diac index significantly (9%). No significant change in 
systemic oxygen transport or in total body oxygen consump- 
tion was observed. In group 3, with anesthesia to T-9 + 1, 
hemodynamic changes were as observed in group 1. After 
normovolemic hemodilution, hemoglobm concentration de- 
creased significantly (15%), whereas cardiac index increased 
significantly (15%) without significant changes either in 
mean arterial pressure or in heart rate. Systemic oxygen 
transport and total body oxygen consumption did not change 
significantly. No patient experienced chest pain or electro- 
cardiographic evidence of myocardial ischemia. These data 
demonstrate that the effects of normovolemsc hemodilution 
during lumbar epidural anesthesia on henodynamic function 
and oxygenation were minimal, well tolerated, and compa- 
rable to those seen during hemodilution alone. 


Key Words: ANESTHETIC TECHNIQUES— 
epidural. BLOOD—hemodilution. 


may be associated with this combination include less 
intraoperative blood loss and pcssible decrease in the 
incidence of perioperative vencus thrombophlebitis. 
The goal of this randomized study was to determine 
the cardiovascular effects of ncrmovolemic hemodi- 
lution and lumbar epidural anesthesia in patients 
scheduled for vascular surgery. 


Materials and Methods 
Patient Selection 


After approval by our Ethics Committee, 30 patients 
undergoing lumbar epidural anesthesia for vascular 
surgery (femoropopliteal bypass grafting) gave in- 
formed consent for the study. Criteria for inclusion in 
the study were an hematocrit >35% and the absence 
of contraindications to both lumbar epidural anesthe- 
sia and normovolemic hemodilution. We excluded 
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patients with disabling or unstable angina, conges- 
tive heart failure, electrocardiographic (ECG) 
rhythms other than sinus, uncontrolled hyperten- 
sion, major respiratory or renal disease, coagulopa- 
thy and medications with -adrenergic antagonists or 
digitalis. 


Protocol 


Cardiac medications were discontinued 2 h before the 
procedure. All patients were unpremedicated and 
studied before surgery while in supine position. Two 
14-gauge catheters were inserted in peripheral veins 
for blood removal and infusion. Catheters were also 
inserted in the lumbar space (L3-4) and in a radial 
artery for blood pressure measurements. A triple 
lumen catheter was positioned in the pulmonary 
artery for measurements of pulmonary capillary 
wedge pressure and cardiac output. After a resting 
period of 30 min, during which fluid infusion was 
limited to 50 mL/h, patients were randomly assigned 
to three different groups. Group 1 included 10 pa- 
tients undergoing lumbar epidural anesthesia with- 
out hemodilution. In group 2, 10 patients had a 
normovolemic hemodilution without epidural anes- 
thesia. In group 3, normovolemic hemodilution was 
produced during lumbar epidural anesthesia in 10 
patients. Three sets of measurements were carried 
out in each group. 

In group 1, after the 30-min resting period, the 
baseline measurements were made (T0) followed by 
the epidural injection of 15 mL of 2% lidocaine. 
During the onset of epidural anesthesia, 7 mL/kg of a 
colloid solution (Plasmion, a solution of gelatin with a 
molecular weight of 35,000) was slowly infused over 
30 min to ensure minimal hemodynamic changes. At 
the end of the infusion, when epidural anesthesia 
started, the second set of measurements was ob- 
tained (T1: epidural 1). Measurements were made 
again 40 min after T1 (T2: epidural 2). 

In group 2, after baseline measurements (TO), the 
same volume of colloids as in group 1 was infused in 
30 min without the induction of epidural anesthesia. 
At the end of this volume loading, the second set of 
measurements was carried out (T1: vol loading) after 
which normovolemic hemodilution was performed 
(the details of the technique used to produce normo- 
volemic hemodilution are described below). Mea- 
surements were repeated at the end of the normovo- 
lemic hemodilution (T2: hemodilution). 

In group 3, baseline measurements (T0) were fol- 
lowed by a second set of measurements made after 
induction epidural anesthesia and colloid infusion as 
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in group 1 (T1: epidural). The third set of measure- 
ments was carried out after normovolemic hemodilu- 
tion as in group 2 was produced during epidural 
anesthesia (T2: hemodilution). 


Normovolemic Hemodilution Technique 


The blood volume to be withdrawn to achieve an 
hematocrit of 30% was calculated from preoperative 
hematocrit and the patient’s calculated blood volume. 
Blood was then withdrawn from one of the large 
venous catheters and collected into standard citrate- 
phosphate-dextrose blood storage bags. Simulta- 
neously, colloid solution (Plasmion) was infused in a 
ratio of 1.5 mL of colloid for each milliliter of blood 
withdrawn. Hemodilution was continued until the 
large vessel hematocrit reached 30% as controlled by 
repeated microhematocrit determinations. Autolo- 
gous blood was reinfused during the intraoperative 
period when hematocrit decreased to <25%. 


Measurements and Data Analysis 


Each set of measurements included systolic, diastolic, 
and mean arterial blood pressures (SAP, DAP, and 
MAP, respectively), heart rate (HR), pulmonary cap- 
illary wedge pressure (PCWP), cardiac output (CO), 
and blood temperature (T°C). Arterial and mixed 
venous oxygen partial pressures (Pao,, Pvo,) satura- 
tions (Saoz, Svo) and pH (pHa, pHv) were measured 
from arterial and mixed venous samples. Arterial 
lactate concentrations were determined. Cardiac in- 
dex (CI), stroke index (SI), systemic vascular resis- 
tances (SVR), arterial and venous oxygen contents 
(Cao, Cvo,) arteriovenous oxygen difference (A-V 
Do,), systemic oxygen transport (Do), and total 
body oxygen consumption (Vo,) were derived using 
standard formulas. The cephalad level of lumbar 
epidural anesthesia was determined by the loss of 
pinprick sensation. 

All patients were questioned during the study 
about the onset of chest pain. In addition, the EKG 
was monitored for ST segment depression. Postoper- 
atively, a 12-lead EKG was recorded and compared to 
the preoperative EKG. 

Intragroup analysis for statistical significance was 
performed using a multifactorial analysis of variance. © 
When appropriated, multiple range tests were per- 
formed using a Scheffe’s test. Intergroup analysis was 
done using multifactorial analysis of covariance, 
when appropriated, multiple range tests were also 
performed by a Scheffe’s test. Values are expressed as 
mean + SEM. 
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Results 


The three groups of patients were not different with 
regards to age (group 1, 64 + 4 yr; group 2, 53 + 4 yr; 
group 3, 55 + 4 yr). Group 1 included two patients 
with a past history of mild stable angina and six 
patients had treated and controlled hypertension. In 
group 2, one patient had a past history of myocardial 
infarction, two suffered from mild stable angina and 
two were successfully treated for hypertension. 
Group 3 included three patients with a past history of 
angina and three patients with treated and controlled 
hypertension. There were no significant difference in 
baseline hemodynamic variables between the three 
groups of patients. 


Lumbar Epidural Anesthesia (Group 1) 


The cephalad level of epidural anesthesia reached T-9 
+ 1 segment and ranged from T-6 to T-11. After 
lumbar epidural anesthesia and volume loading (T1: 
epidural 1), PCWP increased slightly but significantly 
above baseline but without significant changes in 
SAP, DAP, MAP, HR, or CI (Table 1; Figure 1). 
Systemic oxygen transport and total body oxygen 
consumption did not significantly change (Figure 1). 
Forty minutes later (T2: epidural 2), there were no 
changes. During the study, no patient in this group 
experienced chest pain or EKG evidence of myocar- 
dial ischemia. 


Normovolemic Hemodilution (Group 2) 


After volume loading in the absence of epidural 
anesthesia (T1: vol loading), PCWP and CI increased 
significantly but without significant changes in arte- 
rial blood pressure, systemic oxygen transport or 
total body oxygen consumption (Table 1 and Figure 
1). Blood withdrawal (1297 + 79 mL) simultaneously 
replaced by colloid infusion significantly decreased 
hemoglobin concentration from 12.10 + 0.45 down to 
9.91 + 0.44 g/100 mL. After normovolemic hemodi- 
lution (T2: hemodilution), cardiac index increased 
significantly above baseline and T1 levels but without 
significant changes in arterial blood pressure. Heart 
rate increased slightly but significantly. No signifi- 
cant changes in systemic oxygen transport or in total 
body oxygen consumption were observed. During 
the study, no patient in this group experienced chest 
pain or EKG evidence of myocardial ischemia. 


Epidural Anesthesia and Normovolemic 
Hemodilution (Group 3) 


The cephalad level of epidural anesthesia reached T-9 
+ 1 and ranged from T-6 to T-11. After lumbar 
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epidural anesthesia and volume loading (T1: epidu- 
ral), the hemodynamic changes were similar to those 
observed in group 1 (Table 1 and Figure 1). Blood 
withdrawal (1208 + 102 ml) simultaneously replaced 
by colloid infusion decreased hemoglobin concentra- 
tion 12.37 + 0.22 down to 10.47 + 0.19 2/100 mL. 
After normovolemic hemodilution (T2: hemodilu- 
tion), cardiac index increased significantly above 
baseline levels without significant changes in mean 
arterial or in heart rate. Systemic oxygen transport 
and total body oxygen consumption did not signifi- 
cantly change (Figure 1). Intergroup analysis did not 
reveal significant differences in hemodynamic varia- 
bles, systemic oxygen transport and global oxygen 
consumption when compared with the two other 
groups at T2. During the study, no patient had chest 
pain or EKG evidence of myocardial ischemia. 


Discussion 


This study demonstrates that the effects of the com- 
bination of lumbar epidural anesthesia and normovo- 
lemic hemodilution on hemodynamic function and 
oxygen delivery were minimal, well tolerated, and 
comparable to those observed with hemodilution 
alone. 

Sympathetic blockade associated with lumbar epi- 
dural anesthesia induces a venous and arteriolar 
vasodilation (7). Accordingly, the decrease in arterial 
blood pressure usually observed results from a de- 
crease in both systemic vascular resistance and car- 
diac index (8). It has been suggested that previous 
volume loading may limit these hemodynamic 
changes (9). In our study (groups 1 and 3), colloid 
infusion during the onset of epidural anesthesia 
maintained mean arterial pressure and cardiac index. 
Moreover, the same volume loading without extra- 
dural blockade induced an increase in pulmonary 
capillary wedge pressure and cardiac index as ob- 
served in group 2. 

Studies of hemodynamic changes during normo- 
volemic hemodilution have established that the re- 
duction in hematocrit and in arterial oxygen content 
is not deleterious since compensating mechanisms 
maintain systemic oxygen transport and tissue oxy- 
genation (10,11). The decrease in whole blood viscos- 
ity is associated with increases in venous return and 
cardiac index (12). In addition, the improvement in 
distribution of blood flow at the microvascular level 
facilitates peripheral oxygen unloading and improved 
oxygen extraction ratio (13,14). In group 2, after both 
volume loading and normovolemic hemodilution, 
systemic oxygen transport and total body oxygen 
consumption were maintained. 
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Table 1. Hemodynamic Variables, Blood Gas Results, and Derived Parameter 


Abbreviations Gr, group. 
“P < 0.05, °P < 0.01: significant changes vs TO. 


TO 

Gr 1 Control 

Gr 2 Control 

Gr 3 Control 
Gr 1 96.40 + 5.77 
MAP Gr 2 98.50 + 5.39 
(mm Hg) Gr 3 88.40 + 5.43 
Gr 1 71.70 + 3.34 
HR Gr 2 65.00 + 1.99 
(beats/min) Gr 3 68.70 + 3.05 
Gr 1 7.00 + 1.23 
PCWP Gr 2 7.30 + 1.28 
(mm Hg) Gr 3 8.00 + 1.20 
Gr 1 4.05 + 0.29 
CI Gr 2 3.39 + 0.24 
(L‘min‘m~?) Gr 3 3.88 + 0.18 
Gr 1 23.71 + 2.28 
SVR Gr 2 28.14 + 2.05 
(UT) Gr 3 22.12 + 1.45 

Gr 1 86.50 + 10.56 

PaO, Gr 2 84.75 + 2.79 
(mm Hg) Gr 3 84.70 + 4.59 
l Gr 1 12.57 + 0.51 
Hb Gr 2 13.23 + 0.52 
(g/dL) Gr 3 13.65 + 0.31 
Gr 1 15.66 + 0.61 
CaO, Gr 2 16.40 + 0.67 
(mL/100 mL) Gr 3 17.12 + 0.44 
Gr 1 37.78 + 1.05 
PvO, Gr 2 38.86 + 0.59 
(mm Hg) Gr 3 41.60 + 1.41 
Gr 1 11.52 + 0.63 
CvO, Gr 2 12.39 + 0.51 
(mL/100 mL) Gr 3 13.35 + 0.48 
Gr 1 1.04 + 0.24 
Lactate Gr 2 0.76 + 0.14 
(mmol/L) Gr 3 0.99 + 0.09 
Gr 1 36.54 + 0.12 
Temperature Gr 2 36.40 + 0.10 
CC) Gr 3 36.59 + 0.05 


<P < 0.05, * P < 0.01: significant changes between T1 and T2. 

“P < 0.05, /P < 0.01: significant changes between Gr 1 and Gr 2. 
8P < 0.05, *P < 0.01: significant changes between Gr 1 and Gr 3. 
fP < 0.05, 'P < 0.01: significant changes between Gr 2 and Gr 3. 


T1 T2 
Epidural 1 Epidural 2 
Vol Loading Hemodilution 

Epidural Hemodilution 
95.70 + 3.70 96.90 + 2.96 
105.00 + 4.52 99.50 + 3.96 
93.60 + 5.79 92.50 + 4.98 
73.50 + 3.64 73.60 + 2.69 
63.80 + 3.01 69.10 + 2.26 
69.40 + 2.57 74.30 + 3.67 
10.20 + 0.91° 9.40 + 0.81° 
10.80 + 0.80° 9.80 + 1.21° 
11.70 + 0.96° 11.20 + 1.05? 
4.29 + 0.20 4.24 + 0.20 
4.09 + 0.28° 4.45 + 0.344 
4.42 + 0.29 5.06 + 0.39 
21.19 + 1.10 21.78 + 1.37 
24.80 + 1.67 22.32 + 1.98 
20.38 + 1.57 18.28 + 2.11 
86.90 + 8.10 81.20 + 6.33 °° ° 
85.20 + 2.64 97.10 + 21.64 
84.78 + 2.67 86.00 + 2.83 
11.74 + 0.44? 11.41 + 0.48* 
12.10 + 0.45° 9.91 + 0.445% 
12.37 + 0.22” 10.47 + 0.19% 
14.65 + 0.56? 14.20 + 0.62” 
15.12 + 0.53° 12.54 + 0.56% 
15.46 + 0.29 13.14 + 0.25% 
35.67 + 0.65 36.22 + 1.10 
39.60 + 1.30 36.11 + 1.090 
38.89 + 0.69 38.30 + 1.25 
10.34 + 0.46 10.08 + 0.51 
11.50 + 0.39° 8.61 + 0.44>% 
11.61 + 0.318 9.62 + 0.30%! 
1.19 + 0.27 1.18 + 0.29 
1.08 + 0.17 1.24 + 0.177 
1.14 + 0.13 1.28 + 0.14 
36.54 + 0.14 36.51 + 0.18 ` 
36.21 + 0.14 36.14 + 0.15 
36.34 + 0.08 36.33 + 0.10 
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The association of lumbar epidural anesthesia and 
normovolemic hemodilution may have adverse ef- 
fects on the cardiovascular system especially on 
venous: return and activity of sympathetic nervous 
system. Whereas hemodilution decreases venous re- 
sistance, extradural blockade increases venous com- 
pliance and decreases venous return (7). Normovole- 
mic hemodilution increases sympathetic cardiac tone 
(15) whereas lumbar epidural anesthesia decreases 
sympathetic tone and increases parasympathetic tone 


(16). The cardiovascular effects associated with lum- 
bar epidural anesthesia and normovolemic hemodi- 
lution are not clear, however. To our knowledge, no 
previous work studying cardiovascular changes in- 
duced by this combination has been published. Our 
study shows that mean arterial pressure and heart 
rate are maintained during lumbar epidural anesthe- 
sia with normovolemic hemodilution. Cardiac index 
increased above baseline levels but systemic oxygen 
transport and total body oxygen consumption did not 
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Figure 1. Mear. arterial pressure, car- 
diac index, systemic oxygen transport 
and total bədy oxygen consumption in 
the three groups of patients. *P < 
0.05, **P < 0.01: significant changes vs 
TO. a P < 0.05, AA P < 0.01: signifi- 
cant changes between T1 and T2. 


T2 
Epidural 2 
Hemodilution 
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change. Several mechanisms are involved in explana- 
tion of these results. Colloid infusion during the 
onset of epidural anesthesia increased pulmonary 
capillary wedge pressure and so probably minimized 
the effects of lumbar epidural anesthesia on venous 
return (7) and on cardiac vagal tone (16). Further- 
more, sympathetic tone in the unblocked areas in- 
creases during lumbar epidural anesthesia and may 
contribute to the hemodynamic stability (17). In ad- 
dition, sympathetic stimulation mediated by plasma 
levels of lidocaine used to induce epidural anesthesia 
could have played a role (18). The lack of deleterious 
hemodynamic effects of epidural anesthesia with 
normovolemic hemodilution is of special interest in 
view of the abnormal preoperative cardiovascular 
status of some of the studied patients. Myocardial 
ischemia did not develop, at least clinically, in the 
patients suffering from stable mild angina in the 
different groups. Indeed, lumbar epidural anesthesia 
has been shown to exert beneficial effect on myocar- 
dial function in patients with mild and stable coro- 
nary artery disease (19). However, the effects of 
normovolemic hemodilution in patients with coro- 
nary artery disease have remained in dispute since 
experimentally deleterious effects on coronary circu- 


lation have been reported in animals (20) though 
some clinical studies have faled to confirm these 
findings (21,22). 

In the surgical setting, there are several potential 
benefits of the combination of extradural blockade 
and normovolemic hemodilution. “irst, since each of 
these two techniques has been shown to reduce 
thromboembolic complications (23,24), a cumulative 
effect might be expected. Secondly, this combination 
may be of use clinically since the reduction in blood 
loss associated with epidural ar.esthesia may facilitate 
exclusively autologous transfusion using normovole- 
mic hemodilution (3,4,25-27). In patients undergoing 
vascular surgery several additional benefits on collat- 
eral flow, musculocutaneous oxygenation (10,11,28) 
and in early patency of peripheral vascular grafts (29) 
may be expected. 

Our study shows that the combination of normo- 
volemic hemodilution to an hemētocrit of 30% and 
epidural anesthesia is not associated with adverse 
effects on cardiovascular function or peripheral oxy- 
gen transport. Volume loading to compensate for the 
effects of epidural anesthesia and a strict maintenance 
of normovolemia during hemodilution are essential 
to minimize cardiovascular effects. 
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Tachyphylaxis Associated with Repeated Epidural Injections of 
Lidocaine Is Not Related to Changes in Distribution or the Rate of 
Elimination from the Epidural Space 
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MOGENSEN T, SIMONSEN L, SCOTT NB, HENRIKSEN 
JH, KEHLET H. Tachyphylaxis associated with repeated 
epidural injections of lidocaine is not related to changes in 
distribution or the rate of elimination from the epidural 
space. Anesth Analg 1989;69:180-4. 


The relationship between tachyphylaxis (measured as a 
decrease in the rate of regression of sensory levels of 
analgesia) during repeated epidural injections of lidocaine 
and both the distribution of lidocaine within the epidural 
space (as measured by spread of simultaneous injection of 
the tracer technetium-99m diethylenetriaminepentaacetate 
[°°"Tc-DTPA]) and elimination of lidocaine from the epi- 
dural space (as measured by serum concentrations of 
lidocaine) was investigated in 18 patients undergoing 
minor surgery during lumbar epidural analgesia. Twelve 
patients received four injections of 20 mL of 2% lidocaine at 
2-hr intervals. Epidural distribution was assessed by injec- 
tion of 9?"Tc-DTPA diluted in saline on the preoperative 
day and diluted in an equal volume of 2% lidocaine on the 
morning before surgery and again after the fourth injection 
of lidocaine 6 hr later. The distribution of °”""Tc-DTPA in 


the epidural space was unchanged during the three mea- 
surements despite significant tachyphylaxts in both sensory 
analgesia and motor blockade (11 of 12 patients had sensory 
analgesia 2 hr after the first injection in contrast to only 3 
of 12 patients during the third injection). In another six 
patients 20 mL of 2% lidocaine were injected three times at 
2-hr intervals before surgery, with measurements of serum 
concentrations of lidocaine after the first and last injections. 
Despite tachyphylaxis (no patient had sensory analgesia 2 
hr after the third injection), there was no difference in the 
rate of disappearance of lidocaine from the epidural space as 
assessed by plasma lidocaine concentration curves during 
the first and third injection (0.5 + 0.1 and 0.3 + 0.04 
pg-mL~'-min~', respectively). The results confirm the 
development of tachyphylaxis during repeated epidural 
injections of lidocaine and suggest that tachyphylaxis is 
caused by factors other than increased elimination from the 
epidural space or altered distribution of lidocaine within the 
epidural space. 


Key Words: ANESTHETIC TECHNIQUES— 
epidural. PHARMACOLOGY, TACHYPHYLAXIS— 
lidocaine. 





Acute tolerance (“tachyphylaxis”) or regression of 
sensory analgesia is the term used for the continuous 
decline in effect (i.e., shorter duration or decrease in 
spread of analgesia) during repeated administration 
of the same dose of local anesthetic. Tachyphylaxis 
has been demonstrated after epidural neural block- 
ade with long-acting anesthetics such as bupivacaine 
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(1,2) as well as with short-acting anesthetics such as 
lidocaine (3). 

The basis for the development of this type of acute 
tolerance remains unclear (4,5) but may involve either 
decreased effect of the local anesthetic at the cellular 
level, decreased fraction of drug reaching the site of 
action because of increased elimination from the 
epidural space, or altered distribution within the 
epidural space (5). Finally, changes in the central 
nervous system may facilitate tachyphylaxis resulting 
from competitive postoperative increases in afferent 
input (5). 

The purpose of this study was, therefore, to inves- 
tigate the relationship between tachyphylaxis and 
distribution and elimination of lidocaine in the epi- 


LIDOCAINE-ASSOCIATED TACHYPHYLAXIS 


dural space assessed by technetium-99m diethylene- 
triaminepentaacetate (””"Tc-DTPA) and plasma lido- 
caine concentrations respectively. 


Methods 


Eighteen patients scheduled for minor surgery dur- 
ing epidural analgesia were studied. 

The study was approved by the Ethics Committee 
for Medical Research in Copenhagen. Informed con- 
sent was obtained from each patient and no compli- 
cation or side effects were seen. 

The study was divided into two parts. 


Part 1 


Twelve men, mean age 70 (range 67-71) yr, height 
171 (163-185) cm, weight 69 (50-87) kg, scheduled for 
transurethral surgery (duration 40 [20-65] min) were 
studied. The epidural catheter was inserted between 
L-2 and L-3 through which four injections of 3 plus 17 
mL of 2% lidocaine without epinephrine were made 
at 2-hr intervals. Surgery was performed after the first 
injection. Levels of analgesia (pinprick) and motor 
blockade (0-3, according to Bromage [6]) were mea- 
sured every 20 min throughout the 8-hr study period. 


Distribution of *"""Tc-DTPA. In 6 of these 12 pa- 
tients the epidural catheter was inserted the day 
before surgery. The distribution within the epidural 
space of *™Tc-DTPA was assessed by injection of 
15-20 MBq *’"Tc-DTPA diluted in 17 mL of isotonic 
saline through the epidural catheter, 5 min after 3 mL 
of isotonic saline was injected as a test dose. On the 
next day 45 min before surgery and again 6 hr after 
the initial dose (the fourth dose of lidocaine), its 
distribution was reassessed after injection of ?”"Tc- 
DTPA diluted in 17 mL of 2% lidocaine 5 min after the 
test dose of 3 mL of lidocaine. 

The radiation dose to the epidural space was 1 
mSv. 


Data Analyses. The y emissions from the epidural 
space were measured externally with the patients in 
supine position by use of a y camera (General Electric 
camera 400 zs) with a 40-cm field of view and a 
low-energy collimator. The recordings over the pa- 
tient’s back were stored in a PDP 11 digital computer, 
at 30-sec frames, for 30 min. The epidural area was 
individually outlined. The distribution of the tracer in 
the upper, middle, and lower parts of the epidural 
space viewed by the y camera was obtained after 10 
min. 
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No patient received additional medications for 
pain during the study period. 


Part 2 


Six patients, one woman and five men, mean age 66 
(range 60-75) yrs, height 173 (164-182) cm, weight 76 
(52-99) kg, were studied before surgery. An epidural 
catheter was inserted between L-2 and L-3 6 hr before 
surgery. Five min after the test dose (3 mL), 17 mL of 
2% lidocaine without epinephrine was injected. The 
(3 + 17) mL doses were repeated two more times at 
2-hr intervals. Blood samples for determination of 
plasma lidocaine were drawn from a central venous 
catheter immediately before and 1, 5, 10, 20, 40, 80, 
and 120 min after the first and third injections of 17 
mL of 2% lidocaine. Plasma lidocaine was analyzed 
by gas chromatography by Astra Alab AB, Sédertalje, 
Sweden. 

The sensory level of analgesia and motor blockade 
were assessed every 20 min after all three injections. 
Results are expressed as means + 1 standard error of 
the mean (sEM). Data were analyzed for statistical 
significance using Wilcoxon’s test for paired data, 
xy -test (Yates-corrected), and Friedman’s analysis of 
variance. P < 0.05 was considered statistically signif- 
icant. Plasma concentrations of lidocaine associated 
with the first and third injections were compared by 
Pratt’s test disregarding time. The concentrations of 
plasma lidocaine before the third injection were sub- 
tracted from the plasma concentrations after the third 
injection to determine the increase in plasma level 
resulting from the third injection. 


Results 


The changes in sensory analgesia and motor blockade 
in parts 1 and part 2 are illustrated in Figure 1. In both 
parts of the study there were clear signs of acute 
tolerance, “tachyphylaxis.” In 9 of the 12 patients in 
part 1 the duration of sensory analgesia was <2 hr 
after the third injection of lidocaine and no patient 
had a measurable sensory analgesia 2 hr after the 
fourth injection. In contrast, 11 of 12 patients had a 
sensory blockade 2 hr after the first injection. The 
difference is statistically significant. Similarly, no pa- 
tient in part 2 of the study had sensory analgesia 2 hr 
after the third injection. Duration of sensory analge- 
Sia was similar in the postoperative setting (part 1) 
and preoperative setting (part 2). There was no 
significant change in the rostrad spread of analgesia 
20 and 40 min after any injection pre- or postopera- 
tively. 
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Figure 1. Levels of sensory analgesia and motor blockade (Bro- 
mage scale [6]) resulting from three 20-mL injections of epidural 
2% lidocaine before surgery in patients scheduled for minor 
surgery (upper), and four 20-mL injections of epidural 2% 
lidocaine in patients undergoing minor after the first 
injection (lower). Intervals between injections were 2 hr in both 
instances. 


The spread of ”™Tc-DTPA in the rostrad—caudad 
direction was greater than the 40-cm field of the y 
camera in all patients (Figure 2). The distribution of 
the tracer within the field of view of the y camera the 
day before operation was 28% (35-55%) mean + 
range in the upper third of camera field, 44% (35- 
55%) in the middle, and 30% (15-35%) in the lower 
third of the epidural space seen by the camera (Figure 
' 2). The distribution values after establishment of 
operative analgesia were: 32% (20-50%), 43% (35- 
50%), 28% (15-35%) and postoperatively: 29% (20- 
35%), 45% (35-55%), 28% (20-35%) respectively. In 
all patients the rostrad spread of *™Tc-DTPA was 
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more extensive than sensory analgesia assessed by 
pinprick. 

In the six patients from part 2 residual lidocaine 
left over from the previous two injections was present 
in plasma immediately before the third injection of 
lidocaine (Figure 3) and, therefor2, plasma levels of 
lidocaine were significantly higher after the third 
injection than they were after the first injection. 
However, there was no significant difference in the 
elimination of lidocaine from the epidural space as 
measured by the slope of the plasma concentration 
curves (Figure 3) after the first and third injections of 
lidocaine. The increase in plasma lidocaine was 0.5 + 
0.1 ug-ml~*-min~* during the first injection and 0.3 + 
0.04 ng-ml~*-min™! during the third injection. 


Discussion 

In the present study we have demonstrated that, 
during repeated identical doses of 2% lidocaine epi- 
durally, there was a continuous decrease in duration 
of sensory analgesia, confirming earlier results (3). 
There was no difference in duration of analgesia 
between patients investigated before or after a minor 
surgical trauma. 

The mechanism of acute tolerance, “tachyphy- 
laxis,” to local anesthetics during long-term epidural 
administration has not been explained although sev- 
eral hypotheses have been proposed (5). One pro- 
posed mechanism is that there is increased systemic 
uptake of the local anesthetic from the injection site 
owing to an increase in epidural blood flow after 
epidural injection of local anesthetics (7). Another 
proposed mechanism is that the amount of drug 
reaching the site of action in nerve tissues decreases 
with repeated injections (8). 

One way to investigate the clearance and distribu- 
tion of lidocaine in the epidural space, which may 
depend on both blood flow and diffusion within the 
epidural space, would be to use radioactive lidocaine. 
This, even if available, would present ethical prob- 
lems, so we chose a tracer with nearly the same 
molecular weight as lidocaine (°™Tc-DTPA) (9) to 
measure distribution in the epidural space. 

The interpretation of the serur levels of lidocaine 
assumed to reflect elimination from the epidural 
space may be difficult since the actual concentration 
depends on both uptake from the epidural space, 
distribution in the plasma and tissues, and clearance 
in the liver. Tucker and Mather (£0) have shown that 
the systemic absorption rate can be used as an indi- 
rect method of assessing the uptake of local anesthet- 
ics from the epidural space if the following assump- 
tions are made: 
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Figure 2. Distribution of ”""Tc-DTPA injected epidurally 
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Figure 3. Serum concentrations of lidocaine after the first (solid 
line) and third (dashed line) injections of lidocaine 2% (3 + 17 mL) 
at 2-hr intervals. (The higher level of the curve before and after the 
third injection is due to the previously injected lidocaine.) 


1. The agent is not metabolized in the epidural space. 
2. Drug disposition kinetics are independent of dose, 
route, and rate of systemic drug input. 


However our results, showing an increase in plasma 
lidocaine of 0.5 + 0.1 wg-ml-'-min™' before tachy- 
phylaxis and 0.3 + 0.04 wg-ml '-min™! during tachy- 
phylaxis, argue strongly against tachyphylaxis to be 
caused by increased elimination of lidocaine from the 
epidural space. 

In the classical study by Bromage et al. (3), there 
was both a decrease in duration of sensory analgesia 
and in the number of segments blocked, as clearly 
demonstrated in one patient who received repeated 
doses of 7.5 mL of 2% lidocaine. In our study with 
similar, controlled injections of lidocaine in all pa- 
tients, we found the upper level of sensory analgesia 
of 20 and 40 min to be similar after all the injections. 
Furthermore, we found no evidence of an altered 
distribution of lidocaine during repeated injections, 
as assessed by *’"Tc-DTPA. We have no explanation 
to this discrepancy between our results and those of 
Bromage et al. (3). 

In a previous study we demonstrated that surgical 
trauma may enhance regression of analgesia during 
continuous epidural infusion of 0.5% bupivacaine 
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since regression of the level of analgesia was signifi- 
cantly less in patients with chronic nonsurgical pain 
than it was in postoperative patients (11). This is in 
contrast to the present study in which there was no 
difference in spread of lidocaine vs ?”"Tc-DTPA be- 
tween patients studied before and after surgery. 
Perhaps the surgical trauma in this study was mini- 
mal compared with that associated with intraabdom- 
inal procedures studied in previous reports (1,7,11). 

Local anesthetics in concentrations (i.e., 2% 
lidocaine) as seen during clinical use may cause 
localized edema in the nerves (12) and thereby hinder 
intraneuronal diffusion of the drug, thus promoting 
tachyphylaxis. However, in isolated nerve prepara- 
tions bupivacaine does not produce tachyphylaxis 
(13), though the study time in vitro (4 hr) with this 
long-acting drug was too short to allow correlation to 
clinical tachyphylaxis. 

In conclusion, our results confirm that tachyphy- 
laxis occurs during repeated epidural injections of 2% 
lidocaine. Tachyphylaxis could not be explained by 
increased clearance or altered distribution of lido- 
caine. The pathogenesis of tachyphylaxis remains 
unknown but factors including edema of the nerve, 
down-regulation of local anesthetic receptors in nerve 
tissue, or changes in afferent activity or spinal inhi- 
bition of the afferent nervous traffic (5) must be 
considered in future studies. 
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KITAHATA LM, COLLINS JG. Intrathecal clonidine 
suppresses noxiously evoked activity of spinal wide 
dynamic range neurons in cats. Anesth Analg 
1989;69:185-91. 


The analgesic effectiveness of perispinal clonidine adminis- 
tration prompted us to evaluate clonidine effects on spinal 
dorsal horn wide dynamic range neurons. Intrathecal cloni- 
dine produced a dose-dependent (10 and 30 ug), yohimbine- 
reversible suppression of noxiously evoked activity in decer- 


Clonidine, a clinically useful antihypertensive agent, 
is effective in blocking noxious stimuli when admin- 
istered systemically, epidurally, intracerebroventric- 
ularly, or intrathecally in many animal species as 
determined by various analgesiometric methods— 
tail-flick, hot plate, writhing (1-12). In addition, sev- 
eral clinical reports have documented the analgesic 
efficacy of clonidine in humans (13-18) and its ability 
to reduce general anesthetic requirements (19-21). 
These observations lead to the proposal that cloni- 
dine may have an analgesic action in addition to its 
established, centrally mediated antihypertensive ef- 
fect. 

Our current understanding of the neurophysiol- 
ogy and pharmacology of pain transmission indicates 
that both spinal and supraspinal sites are likely to be 
involved in the analgesic actions of clonidine. Previ- 
ously, our laboratory evaluated opioid and adrener- 
gic agonist effects on spinal processing of nociceptive 
information (22-25). Because of the reported perispi- 
nal use of clonidine for analgesia in humans and 
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ebrate, spinal cord-transected cats. In addition, combining 
ineffective intrathecal doses of morphine (25 ug) and cloni- 
dine (5 pg) produced statistically significant, reversible 
suppression of noxiously evoked activity. The time course of 
suppression was similar to that observed behaviorally. 
These results support the role of spinal a,-adrenergic 
receptors in clonidine analgesia. 


Key Words: SYMPATHETIC NERVOUS SYSTEM, 
PHARMACOLOGY-——clonidine. SPINAL CORD— 
clonidine effects. 


behavioral evidence of its analgesic effectiveness in 
animals, we were anxious to evaluate, using a sensi- 
tive neurophysiologic assay, the effects of clonidine 
on noxiously evoked activity of spinal dorsal horn, 
wide dynamic range (WDR) neurons. WDK neurons 
are thought to be important for the signaling of pain, 
have been shown to be readily suppressed by anal- 
gesic drugs, and are known to be associated with 
information transmission in the spinothalamic tract. 
We were particularly interested in examining the 
receptor selectivity of the drug and its duration of 
action after spinal administration as well as possible 
additive effects associated with morphine-clonidine 
combinations. Some of these results have appeared in 
abstract form (26). 


Methods 


Extracellular, single-unit recordings were obtained 
from the lumbar dorsal horn in decerebrate, spinal 
cord-transected cats. Forty-seven cats of either sex, 
weighing 3.2-4.7 kg, were used. Only one neuron 
with one dose of drug was studied in each animal to 
avoid cumulative effects of the drugs. All appropriate 
guidelines for the humane care and use of animals 
were followed in this study which was approved by 
the Yale Animal Care and Use Committee. 
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Figure 1. Schematic representation of the experimental prepara- 
tion. The spinal cord was transected at T-11 or T-12 and a 
laminectomy was performed from L-4 through L-6. A thoracotomy 
was performed to avoid movement of the spinal cord due to 
mechanical ventilation. 


Surgical preparation was carried out under general 
anesthesia (halothane-nitrous oxide-oxygen). See Fig- 
ure 1 for a summary of animal preparation. After the 
placement of both an external jugular vein catheter 
for fluid and drug administration and monitoring of 
central venous pressure, as well as a carotid artery 
catheter for monitoring blood pressure, the trachea 
was intubated and the animals mechanically venti- 
lated while paralyzed with pancuronium bromide 
(0.1-0.15 mg-kg '-h~'). End-tidal CO, was moni- 
tored and maintained between 3.0% and 4.0%. 
Esophageal temperature was maintained between 37 
and 38°C by servocontrolled heating lamps. 

After instrumentation, the cats were decerebrated 
by electrolytic lesions in the midbrain reticular forma- 
tion and the spinal cord was transected at T-11 or 
T-12. (Spinal cord transection allowed us to monitor 
drug effects on the dorsal horn of the spinal cord in 
the absence of descending supraspinal influences.) 
After decerebration, anesthesia was discontinued 
and the animals were ventilated with room air. This 
preparation provided animals that were pain-free 
during both surgery and neurophysiologic record- 
ings, and yet permitted us to study the effects of 
drugs in a preparation that was drug-free except for 
the neuromuscular blocking agent. 

A laminectomy was performed at L-4 to L-6, the 
duramater was cut and reflected, and the arachnoid 
removed at the site of microelectrode placement. A 
thoracotomy was performed to reduce spinal cord 
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Figure 2. An example of a response profite of a WDR neuron. A, 
WDR neuronal responses to various stimuli are shown. Numbers 
and C indicate the site of stimulation on the foot. As typically seen 
with WDR neurons, the response increases with increasing inten- 
sity of stimulation. B, Neuronal response; to increasing intensity 
of radiant heat. The response became greater as the temperature 
was increased. 


movement due to ventilation. A minimum of 2 h 
elapsed between spinal cord transection and the 
beginning of neuronal recording. 

While searching for individual neurons, the spinal 
cord was bathed with 37°C physiologic saline. Tung- 
sten microelectrodes were advanced into the lumbar 
enlargement of the dorsal horn of the spinal cord 
while receptive fields on the ipsilateral hind paw 
were stimulated. When activity of a single neuron 
was isolated, the cell type was identified by its 
response profile to peripheral stimuli as shown in 
Figure 2. If the response profile indicated a WDR 
neuron (increasing response to increasing stimulus 
intensity with maximum response elicited by noxious 
stimulation), baseline studies were performed in 
which both spontaneous and noxiously evoked activ- 
ity were recorded. Spontaneous activity was aver- 
aged for 30 sec before stimulus presentation. Nox- 
iously evoked activity was produced by applying a 
51°C radiant heat stimulus for 8 sec to the receptive 
field on the hind paw. After bzeseline studies, the 
saline that had been bathing tke spinal cord was 
carefully removed by gentle suctioning and replaced 
by 0.5 mL of 37°C physiologic saline that contained 
drug without preservatives. The applied drugs were 
10 (N = 8) and 30 (N = 15) ug of clonidine, 25 (N = 
8) ug morphine, and 5 ug of clonidine combined with 
25 ug of morphine (N = 8). In nine experiments, 30 
min after administering 30 ug of clonidine, a maxi- 
mum dose of 1.5 mg/kg of yohim Dine (a, antagonist) 
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Table 1. Mean Suppressive Effects of Intrathecally Administered Clonidine on Dorsal Horn Wide Dynamic Range 


Neuronal Activity 
Dose of Clonidine Baseline 
5 ug N = 8 
Spontaneous activity (impulses/sec) 4.44 1.7 
Evoked activity (impulses/sec) ` 51.6 + 9.4 
10 ug N= 
Spontaneous activity Gmpulses/sec) 16.8 + 6.1 
Evoked activity (impulses/sec) 60.3 + 12.6 
30 ug N = 14 
Spontaneous activity (impulses/sec) 8.8 + 2.7 
Evoked activity (impulses/sec) 53.3 + 9.1 


15 min 30 min 
N =8 N=8 
2.6 + 1.7 4.4 + 1.7 
(73%) (103%) 
47.8 + 9.8 56.6 + 10.0 
(90%) (98%) 

N =8 N=7 
9.24 4.5 9.3 + 5.1 
(66%) (60%) 
43.2 + 7.8" 38. + 9.2" 
(74%) (65%) 

N = 14 N=13 
4.3 + 2.1" 3,341.7 
(23%) (19%) 
32.4 + 8.3" 25.5 + 6.6" 
(52%) (39%) 


All values given are mean + se. Numbers in parentheses indicate percentage of baseline values. 


*P < 0.05, significantly different from baseline. 


was administered intravenously to test for reversal of 
the effects of clonidine. In six experiments after the 
administration of 30 yg of clonidine, observations 
continued for several hours to estimate the effective 
duration of action of clonidine. In five of those 
experiments the physiologic saline that contained the 
drug was not removed from the spinal cord surface 
(i.e., duration of action of the total administered 
dose was determined). In one experiment, the drug 
containing saline was removed 1 h after its adminis- 
tration and replaced with drug-free saline. In all 
instances the spinal cord was monitored microscopi- 
cally to insure that it did not dry out. Additional small 
volumes of drug-free saline were placed on the spinal 
cord as necessary. 

In six experiments in which 30 ug of clonidine was 
used, in addition to mean blood pressure, which in 
all cases was monitored continuously until the exper- 
iments were finished, central venous pressure (CVP) 
was measured every 15 min for periods of up to 2 h to 
evaluate the cardiovascular effects of intrathecally 
administered clonidine. In most experiments in 
which 10 ug of clonidine was used, neuronal activity 
was recorded for longer periods in an attempt to 
measure spontaneous recovery after spinal clonidine 
administration. 

To study the effects of combined morphine and 
clonidine we first compared the effect of 5 ug of 
clonidine or 25 wg of morphine given separately with 
the effect of the two combined. The 25-ug morphine 
dose was determined from previous dose-response 
studies (24). In three experiments, 30 min after ad- 
ministering the morphine-clonidine combination, re- 


versal was attempted with a yohimbine-naloxone 
combination. A maximum dose of yohimbine 1.5 
mg/kg IV was slowly administered. For some cells 
reversal was attempted at later time points. 

All data were collected on-line with a digital com- 
puter (DEC PDP 11/40, Digital Equipment Corp, 
Marlboro, MA) for subsequent off-line analysis. Stu- 
dent's t-test for paired and unpaired data were used 
to assess statistical significance. Differences were 
considered to be significant if P values were <0.05. 


Results 


All the neurons included in this study (N = 47) were 
of the WDR type. 


Effects of the Intrathecal Clonidine on Spontaneous 
and Evoked Activity of WDR Neurons 


Table 1 shows the effects of intrathecally adminis- 
tered clonidine on the mean spontaneous and evoked 
activity of the WDR neurons. The 5-yg dose did not 
produce a statistically significant reduction in spon- 
taneous or evoked activity either 15 or 30 min after 
drug administration. The 10-yg dose yielded a statis- 
tically significant suppression of only the evoked 
activity at 15 and 30 min. The 30-ug dose produced 
significant reductions in both types of activity at both 
15 and 30 min. 

Figure 3 depicts the dose-dependent clonidine 


188 ANESTH ANALG 
1989;69:185-91 





MURATA ET AL. 


100 
s 
ze 80 
2 m 
be uj 
go 
< H 60 Figure 3. Effects of two doses of intrathecal clonidine 
= m on the mean evoked activity of WDR neurons. Both 10 
i o and 30 ug of clonidine produced statistically significant 
x = reduction of evoked activity of WDR neurons. The 
9 = 40 suppression by 30 ug of clonidine was reversed by 
W O systemic yohimbine (0.5-1.5 mg/kg). Each point repre- 
£ neue sents the mean + se. *Significantly different from 
= aoe Og baseline. **Significantly different from 10 ug clonidine 
wi 20 @—€30 yg at 30 min. 
= 
o 
0 y ) 30 4 
a IME (MIN. 
INTRATHECAL á YOHIMBINE 
NIDINE 


depression of mean evoked activity of all cells studied 
as well as the reversal of that depression by yohim- 
bine (selective a, antagonist, 0.5-1.5 mg/kg adminis- 
tered intravenously). 


Duration of Action after Intrathecally 
Administered Clonidine 


Figure 4 indicates the duration of action, defined as 
suppression >20%, in four neurons after intrathe- 
cally administered clonidine. In the two neurons 
shown in Figure 4, A and B, suppression was ob- 
served for 5 and 6 h, respectively. In both cases, the 
suppression, lasting for that time, was reversed by 
the systemic administration of yohimbine. In Figure 
4C we see that 10 ug of clonidine produced suppres- 
sion that recovered spontaneously to within 20% of 
control at 4 h and 30 min. An additional neuron 
(Figure 4D) was studied after 10 ug of spinally ad- 
ministered clonidine, and, in spite of the fact that the 
drug containing saline was removed and replaced by 
drug-free saline 1 h after its administration, the 
noxiously evoked activity of the WDR neuron re- 
mained suppressed for 3 h and 30 min. 


Cardiovascular Effects of Intrathecal Clonidine 


Spinally administered clonidine (30 wg) did not 
change mean blood pressure or central venous pres- 
sure in the decerebrate, spinal cord-transected cat 
during the 2-h period of observation. 


Effect of the Combined 5 ug of Clonidine and 25 ug 
of Morphine 


As seen in Figure 5, in spite of the fact that 5 ug of 
clonidine alone or 25 ug of morphine alone did not 
produce significant neuronal depression within 30 
min, when used in combination there was a signifi- 
cant suppression of mean evoked activity of the WDR 
neurons studied. In the three cases in which it was 
tested, the suppression was reversed by systemic 
injection of a combination of yohimbine (0.5-1.5 
mg/kg) and naloxone (0.1 mg). In two neurons, after 
combined 5 ug of clonidine and 25 ug of morphine, 
neuronal activity was observed for 2 and 3 h, respec- 
tively. In both instances, the suppression was re- 
versed to 97% and 40% of control by the systemic 
administration of yohimbine and naloxone, respec- 
tively. 


Discussion 
Site of Action of Clonidine Analgesia 


In this study using a spinally transected cat model, 
intrathecally administered clonidine produced a 
dose-dependent reduction of noxiously evoked activ- 
ity of WDR neurons in the spinal dorsal horn. These 
data demonstrate that a site of action for clonidine 
modulation of pain transmission is independent of 
supraspinal influences and likely to be within the 
spinal cord. These results do not eliminate the possi- 
bility of a more peripheral site of action being in- 
volved as well. 
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These findings support those of other investigators 
who suggest a pure spinal cord-elicited analgesia 
after clonidine administration (27,28,29). 


Receptor Selectivity of Clonidine 


The receptor selectivity of the analgesic effects of 
clonidine was unclear in earlier reports (30,31), 
whereas recently most studies have shown that anti- 
nociceptive effects of clonidine are reversed by selec- 
tive a, antagonists but unaltered by a,-adrenergic 
receptor blocking agents (32-35). 

The present study shows that clonidine-induced 
reduction of noxiously evoked activity on WDR neu- 
rons is reversed by the selective a, antagonist, yo- 
himbine. These results suggest that the a-adrenergic 
receptors in the spinal cord may play an important 
role in the spinal processing of nociceptive informa- 
tion. 


Duration of Action of Neuronal Suppression by 
Intrathecal Clonidine 


The present data show that intrathecal clonidine 
produced a long-acting yohimbine-reversible reduc- 
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Figure 4. This figure indicates the long-lasting antinociceptive 
effect of clonidine on evoked activity of four WDR neurons (A-C). 
The numbers following letter M in each square indicate the mean 
evoked activity during stimulation. The numbers in parentheses 
indicate percent of baseline values. D, Even with removal of the 
drug containing saline from the surface of the spinal cord imme- 
diately after the 1-h time point the suppression was still long- 
lasting. 


tion in activity of WDR neurons and are in agreement 
with clinical reports of long-lasting analgesia after 
intrathecal clonidine (16,18). Coombs et al. demon- 
strated that a 0.3-mg intrathecal clonidine bolus pro- 
vided more than 18 h of analgesia in a 52-yr-old 
woman with cancer pain (16). In addition, the same 
dose and route of clonidine yielded 7 h of almost 
complete pain relief in a 49-yr-old woman with intrac- 
table cancer pain (18). The same authors also stated 
that histological examination of the spinal cord re- 
vealed no apparent demyelination or gliosis of the 
posterior columns and that neurons of the anterior 
horns were intact; no vacuolation or central chroma- 
tolysis was observed (18). 

On the basis of these observations, the use of 
perispinal clonidine for analgesia would be expected 
to be useful for relief of chronic pain. 
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Effect on the Cardtovascular System of 
Intrathecal Clonidine 


Because of the relatively high dose of clonidine em- 
ployed in this study (30 yg), systolic blood pressure 
and central venous pressure were monitored for 2 h 
after drug administration with no noticeable change 
in either parameter. This is in contrast to clinical 
reports that intrathecal clonidine caused hypotension 
or bradycardia (16,18). Yasuoka and Yaksh (36) re- 
ported that intrathecal clonidine produced hypoten- 
sion in cats but Eisenach et al. (10) reported that 
epidural clonidine did not produce hypotension in 
sheep. Of importance to this study, since clonidine- 
induced changes in cardiovascular parameters were 
not observed, it is unlikely that they were the reason 
for the depression of neuronal activity. 


Combined Effect of Low-Dose Clonidine 
and Morphine 


Despite the fact that low doses of both clonidine and 
morphine did not reduce WDR neuronal activity, the 
combination of the two produced significant neu- 
ronal suppression. This observation is in keeping 
with that of clinical reports by Coombs et al. (16,18) 
and animal studies by Yaksh and Reddy (12). The 
multiplicative effect seen in this preparation was 
clearly not dependent upon supraspinal influences, 
and therefore, we may assume that the interactions 
were occurring at the spinal level. 
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Intraoperative Temperature Monitoring Sites in Infants and 
Children and the Effect of Inspired Gas Warming on 


Esophageal Temperature 


Bruno Bissonnette, MD, Daniel I. Sessler, MD, and Pierre LaFlamme, MD 


BISSONNETTE B, SESSLER DI, LAFLAMME P. 
Intraoperative temperature monitoring sites in infants and 
children and the effect of inspired gas warming on 
esophageal temperature. Anesth Analg 1989;69:192-6. 


This study tested the hypotheses that 1) temperatures of 
“central” sites are similar in infants and children under- 
going noncardiac surgery and 2) airway heating and hu- 
midification increases distal esophageal temperature. 
Twenty children were randomly assigned to receive 1) 
active airway humidification using an airway heater and 
humidifier set at 37°C (N = 8), 2) passive airway humid- 
ification using a heat and moisture exchanger (N = 6), or 
3) no airway humidification and/or heating (control, N = 
6). There were no statistically significant differences be- 
tween tympanic membrane, esophageal, rectal, and axillary 
temperatures. The temperatures of the peripheral skin 
surface (forearm and fingertip) were significantly lower 


Intraoperative measurements of body temperature 
help detect hypothermia and malignant hyperther- 
mia. Accurate determination of body temperature 
also helps determine the efficacy of various warming 
techniques (e.g., warming blankets, fluid warmers, 
and airway humidification) and helps evaluate the 
thermoregulatory effects of different anesthetic 
drugs. Comparison between different thermoregula- 
tory studies in children is difficult because it is not 
known to what extent various temperatures are com- 
parable. Previous studies have indicated that tym- 
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than tympanic membrane temperature and significantly 
different from each other. Although esophageal and tym- 
panic membrane temperatures in the entire group were 
similar, esophageal temperatures in patients receiving ac- 
tive and passive airway humidification were about 0.35°C 
above tympanic temperatures after induction of anesthesia. 
In contrast, esophageal temperatures in patients without 
airway humidification were 0.25°C below tympanic temper- 
atures after induction of anesthesia. Esophageal—tympanic 
membrane temperature differences in the patients given 
active and passive humidification differed significantly from 
the corresponding sum in the control group at all times, but 
not from each other. 


Key Words: ANESTHESIA—pediatric. 
TEMPERATURE, sopy—measurement sites. 
MEASUREMENT TECHNIQUES—body 
temperature. 


panic membrane, esophageal, and rectal tempera- 
tures are similar in anesthetized adults undergoing 
noncardiac surgery (1). We tested the hypothesis that 
axillary temperatures are also “central” (e.g., similar 
to tympanic membrane, esophageal, and rectal 
temperatures) in infants and children undergoing 
noncardiac surgery and compared these central tem- 
peratures with two peripheral skin surface measure- 
ments (forearm and fingertip). 

Elimination of metabolic heat by respiratory gases 
can decrease upper esophageal temperature by about 
1°C (2); active airway heating is likely to increase this 
temperature in a similar fashion. The temperature in 
the lower (retrocardiac) portion of the esophagus is 
generally assumed to be influenced minimally by the 
temperature of respiratory gases. Because infants and 
children have minimal thermal insulation between 
the tracheobronchial tree and the esophagus, the 
effects of respiratory gas temperature on esophageal 
temperature are likely to be more pronounced in 
them. Accordingly, we also investigated whether 
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airway heating and humidification would increase 
lower esophageal temperature in infants and chil- 
dren. 


Materials and Methods 


With approval from the Hospital for Sick Children 
Ethical Committee, we studied 20 unpremedicated 
ASA physical status 1 or 2 pediatric patients after 
obtaining written, informed consent from their par- 
ents. All patients were scheduled for peripheral sur- 
gery and weighed between 5 and 30 kg. None had a 
history of problems with the tympanic membrane, 
middle ear, or esophagus. 

Patients were randomly assigned to one of three 
protocols: 1) active airway humidification and warm- 
ing using a servocontrolled airway heater and humid- 
ifier (Fisher and Paykel Ltd., Auckland, New 
Zealand) set at 37°C (N = 8); 2) passive airway 
humidification using the Humid-Vent 1 (Gibeck Res- 
piration, Inc., Schaumburg, IL), heat and moisture 
exchanger between the endotracheal tube connector 
and the Ayre’s t-piece (N = 6); or 3) no airway 
humidification and heating (control, N = 6). With the 
designated type of humidification instituted, anes- 
thesia was induced with halothane and 70% nitrous 
oxide in oxygen. The trachea of each patient was 
intubated without administration of muscle relax- 
ants. Anesthesia was maintained during surgery with 
halothane and 70% nitrous oxide administered with a 
Rees modification of an Ayre’s t-piece. Barbiturates, 
opiates, and muscle relaxants were not administered 
during surgery. Fresh gas flows were calculated us- 
ing the formula of Rose and Froese (3); respiratory 
rate was controlled at approximately 30/min and tidal 
volume (about 12 mL/kg) was adjusted to maintain an 
end-tidal Pco, near 35 mm Hg. 

Temperatures were monitored using disposable, 
sterile thermocouples and thermometers (model 
6500, Mon-a-Therm, Inc., St. Louis, MO). The cotton- 
covered tympanic thermocouples were placed in con- 
tact with the tympanic membrane under direct vision 
using an otoscope. Esophageal probes were incorpo- 
rated in 12 French stethoscopes which were posi- 
tioned to obtain maximal heart sounds. Rectal probes 
were inserted to a depth of 5 cm and taped in place. 
Mon-a-Therm skin surface thermocouples (1-cm di- 
ameter disks) were placed on the radial side of the 
forearm midway between the elbow and the wrist 
and at the fingertip (on an arm without an intrave- 
nous catheter). One of these disks also was placed 
over the axillary artery and this arm secured in the 
adducted position during surgery. Temperatures 
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were recorded every 10 min during the first 60 min of 
surgery. We also recorded room temperature and the 
patient’s age and weight. 

Although tympanic membrane temperatures have 
no greater physiological significance than rectal or 
esophageal temperatures, we compared values from 
other monitoring sites with tympanic temperature 
because it is the conventional standard. The temper- 
ature of each measurement site was subtracted from 
tympanic membrane temperature and the results 
from each site at each time were averaged. Differ- 
ences in esophageal temperatures during each hu- 
midification protocol were determined similarly. Pa- 
tient groups were compared using one-way analysis 
of variance and Student-Newman-Keuls tests with 
differences considered statistically significant when 
P < 0.05. 


Results 


The children’s average weight was 15 + 5.9 kg (sp), 
the age ranged from 6 months to 8 years (average = 
4.0 + 2.2 yr), and room temperatures ranged from 
19.5 to 25.1°C (average = 22.1 + 1.1°C). Most of the 
operations were hypospadious repairs and peripheral 
orthopedic procedures. None of the demographic 
characteristics, types of surgery, or room tempera- 
tures were significantly different in the three humid- 
ification groups. 

Figure 1 shows the differences between the tem- 
peratures recorded at each measurement site and 
tympanic membrane temperature. Differences be- 
tween tympanic membrane temperature and those of 
the other central measurement sites (esophageal, 
rectal, and axillary) were not significantly different at 
any time. In contrast, the temperatures of the periph- 
eral skin surface (forearm and fingertip) were signif- 
icantly lower than tympanic membrane tempera- 
tures. Differences between temperatures of the 
tympanic membrane and those at peripheral sites 
decreased during the first 40 min of surgery, but 
remained 1-2°C throughout the study. 

The differences between tympanic membrane and 
esophageal temperatures during the first 60 min of 
surgery in the three study groups appear in Figure 2. 
Although esophageal and tympanic membrane tem- 
peratures in the entire group were similar, esopha- 
geal temperatures in patients receiving active and 
passive airway humidification were about 0.35°C 
above tympanic temperatures after induction of an- 
esthesia. In contrast, esophageal temperatures in 
patients without airway humidification were 0.25°C 
below tympanic temperatures after induction of an- 
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Figure 1. The average difference between temperatures at five 
different measurement sites and tympanic membrane temperature 
in 20 children weighing 5-30 kg. The central sites (esophagus, 
rectum, and axilla) did not differ significantly, whereas the tem- 
peratures of the peripheral skin surface (forearm and fingertip) 
were significantly lower than the central temperatures. Vertical 
bars illustrate the standard deviation. Standard deviations of the 
rectal temperatures (omitted for clarity) were similar to those of the 
esophageal and axillary temperatures. Standard deviations of 
fingertip temperatures were similar to those of the forearm tem- 
peratures. 


esthesia. Esophageal-tympanic membrane tempera- 
ture differences in the patients given active and 
passive humidification differed significantly from the 
corresponding sum in the control group at all times, 
but not from each other. The deviations from tym- 
panic temperature decreased during the study pe- 
riod. 


Discussion 


Temperature monitoring sites have been considered 
valid when they compared favorably with tympanic 
(e.g., hypothalamic) temperature (1). There is little 
physiological support for an exclusive reliance on 
tympanic membrane temperature since it is now 
known that integrated input from the entire body 
determines thermoregulatory responses. Evidence in 
mammals and birds indicates that multiple, redun- 
dant thermal inputs from nearly every part of the 
body are integrated by both the spinal cord and 
hypothalamus (4-13). It is likely that thermal sensing 
is similar in humans. Thus, the most useful approach 
to temperature monitoring is to recognize that tem- 
peratures of different tissues are “real,” but that the 
physiological and practical significance of each varies. 

In unanesthetized humans, tympanic, rectal, and 
esophageal temperatures are usually similar, so that 
any one reflects most of the noncutaneous input to 
the thermoregulatory system. Temperatures at these 
sites also are similar in anesthetized adults undergo- 
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Figure 2. The mean difference between esophageal temperature 
and tympanic membrane temperature during the first 60 min of 
surgery in children receiving different airway humidification and/ 
or heating. The control group (N = 6) received no airway humid- 
ification of heating. The passive group (N = 6) had a Humid-Vent 
1 heat and moisture exchanger placed between the endotracheal 
tube connector and the Ayre’s t-piece. Tha active group (N = 8) 
was given respiratory gases humidified to nearly 100% and heated 
to approximately 37°C by a Fisher and Paykel heater/humidifier. 
Although esophageal and tympanic membrane temperatures in 
the entire group were similar (Figure 1), esophageal temperatures 
in patients receiving active and passive airway humidification were 
about 0.35°C above tympanic temperatures after induction of 
anesthesia. In contrast, esophageal temperatures in patients with- 
out airway humidification were 0.25°C below tympanic tempera- 
tures after induction of anesthesia. Esophageal—-tympanic mem- 
brane temperature differences in the patients given active and 
passive humidification differed significantly from temperatures in 
the control group at all times, but not from each other. 


ing noncardiac surgery (1). The statistically nonsig- 
nificant temperature differences we observed be- 
tween these measurement sites (approximately 0.2°C) 
in our patients were small compared to the range of 
“normal” temperatures in humans (approximately 
1°C); the differences were extremely small compared 
with the temperature decrease required to trigger 
intraoperative thermoregulatory responses (approxi- 
mately 2.5°C) (14,15). Thus, tympanic, esophageal, or 
rectal temperatures also reflect the bulk of central 
thermoregulatory input in anesthetized children un- 
dergoing noncardiac surgery. 

Axillary temperatures were nct significantly dif- 
ferent from other central temperatures in the infants 
and children in this study, although they correlated 
poorly in a previous study in adults (1). A potentially 
important difference is that we carefully positioned 
the thermocouple over the axillary artery in this 
study, but no special positioning was used in the 
adult study. It is likely that thermocouple position is 
more important than patient size. 

Determinations of skin temperature are useful be- 
cause 10-20% of the input to thermoregulatory sys- 
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tem is derived from the skin surface (6). Thermoreg- 
ulatory vasoconstriction also can be easily detected by 
measuring skin surface gradients (fingertip tempera- 
ture-forearm temperature) (14,15). In adults, periph- 
eral skin surface temperatures correlate poorly with 
central temperatures (1); we observed a similarly poor 
correlation in these infants and children. Not only 
were temperatures of the skin surface significantly 
lower than central temperatures, but the difference 
between skin and central temperatures decreased by 
approximately 1°C during anesthesia. Thus, simply 
adding a constant value (e.g., 3°C) to an arbitrary skin 
temperature, such as the forehead, is unlikely to 
provide adequate indication of central temperature. 

As reported by others in adults (1), we found that 
fingertip temperatures were higher than forearm 
temperatures. However, thermoregulatory vasocon- 
striction can decrease fingertip temperature by 10°C 
(14,15). Had these children been sufficiently hypo- 
thermic to trigger thermoregulatory vasoconstriction, 
the differences between fingertip and tympanic tem- 
peratures might have been much greater. Hypoten- 
sion or light levels of anesthesia may also increase 
this temperature difference. 

Temperature measured in the upper esophagus 
can be approximately 1°C lower than that in the 
retrocardiac portion in anesthetized, intubated pa- 
tients (2). Presumably, the upper esophagus is cooler 
because some metabolic heat is eliminated by adja- 
cent respiratory gas flow. However, respiratory gases 
are thought to influence temperature in the retrocar- 
diac portion of the esophagus minimally. We found 
that lower esophageal temperatures were approxi- 
mately 0.35°C above tympanic membrane tempera- 
tures in patients given passively or actively humidi- 
fied respiratory gases. In contrast, lower esophageal 
temperatures were approximately 0.25°C below tym- 
panic membrane temperatures in the control patients 
given unconditioned gases via an open, high flow 
anesthesia system. Although these differences are 
relatively small, they suggest that the benefits of 
airway warming and/or humidification may be over- 
estimated when central temperature is measured in 
the lower esophagus. 

The results of this study may not apply to patients 
given other anesthetics, to other anesthesia delivery 
systems, to infants weighing <5 kg, or to children 
weighing >30 kg. It is likely that temperature differ- 
ences between the central measurement sites would 
have been larger had our population included pa- 
tients undergoing neurological and major abdominal 
operations. Although we did not calibrate the sterile, 
disposable thermocouples used in this study, exten- 
sive testing by Mon-a-Therm and the investigators 
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confirms that the accuracy of these probes is within 
NE a 

Recorded temperatures may deviate from the 
“true” temperature because 1) the thermometer is 
imprecise (i.e., recorded thermometer temperature 
may differ from that of the probe), 2) the temperature 
of the probe differs from that of the surrounding 
tissue (i.e., an artifactual reading), or 3) temperature 
of the probe (in a convenient location) differs from the 
temperature of interest (in a poorly accessible tissue 
such as the brain). Most clinical thermistors and 
thermocouples have an accuracy of approximately 
0.1°C (R. Reeves, personal communication). This 
value is small compared to physiological population 
variation (approximately 1°C) so thermometer failure 
per se is rarely clinically important. 

Artifactual reading results when thermometer 
temperature is altered by factors that do not influence 
temperature of the surrounding tissue. This error 
could result, for example, when a rectal probe is 
imbedded in a fecal mass: indicated temperature may 
be increased by bacterial metabolic heat, or insulating 
properties of the mass may delay detection of rapid 
temperature changes in the surrounding tissues. Am- 
bient air temperature also may artifactually lower 
indicated temperatures when aural probes are not 
carefully placed in contact with the tympanic mem- 
brane. For similar reasons, thermometers combined 
with endotracheal tubes have not generally proved 
useful. 

In summary, esophageal, rectal, and axillary tem- 
peratures in infants and children given halothane/ 
nitrous oxide anesthesia for noncardiac surgery rarely 
differed from tympanic membrane temperatures by 
more than 0.2°C. This difference was not statistically 
significant, was small compared with the physiolog- 
ical differences between individuals, and indicates 
that any one reflects the bulk of central thermoregu- 
latory input. In contrast, temperatures at the forearm 
and fingertip skin surface were significantly different 
from tympanic membrane temperature, indicating 
that skin surface measurements are not a substitute 
for determining central temperatures. Esophageal 
temperatures were slightly, but significantly, in- 
creased when patients were ventilated with warmed 
and/or humidified respiratory gases. 


The authors greatly appreciate helpful discussions with Randi 
Støen, M.D. and acknowledge the editorial advice of Winifred von 
Ehrenburg. The thermometers and thermocouples we used were 
generously donated by Mon-a-Therm Inc., Richard Reeves, Tech- 
nical Director. 
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To examine whether an acute pituitary-adrenal response to 
stress may occur in vivo in the absence of hypothalamic- 
pituitary connections, we measured plasma B-endorphin 
(B-EP) and corticosterone (C) in rats after acute thermal 
injury. B-EP rose significantly after thermal injury in 
normal rats and rats bearing pituitary-to-kidney autotrans- 
plants but not in animals with pituitary aspiration without 


Classical neuroendocrine physiology depicts the acti- 
vation of the pituitary-adrenal axis as under exclusive 
control of the central nervous system (CNS). In this 
view, peripheral tissue injury leads to nociceptive 
afferent input to the CNS, which culminates in hypo- 
thalamic releasing-hormone secretion and subse- 
quent pituitary and adrenal hormone release (1). 
Based upon this view, innumerable studies of anal- 
gesics’ effects on perioperative stress or pain have 
relied upon blood hormone measurements to quan- 
titate CNS responses during surgery and anesthesia. 
Yet extra-CN5 factors capable of contributing to the 
pituitary—adrenal stress hormone response have long 
been suggested (2-4). Recent studies have found 
direct actions of monokines such as interleukin-1 
upon pituitary cells in vitro (5,6) or indirect actions 
such as depletion of hypothalamic corticotropin- 
releasing hormone (CRH) (7,8). Nonetheless, the 
question of whether extra-CNS factors contribute in 
vivo to acute pituitary—adrenal stress responses has 
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reimplantation. Corticosterone responses paralleled B-EP 
but were significant only in normal controls. Propranolol 
pretreatment did not reduce postburn B-EP and C rises in 
autotransplanted animals. Therefore, since circulating fac- 
tors contribute in vivo to pituitary-adrenal responses, the 
widespread practice of using “stress hormone” responses to 
quantitate perioperative stress or pain may in some circum- 
stances be flawed. 


Key Words: HORMONES—corticosterone. BRAIN, 
PITUITARY-ADRENAL AND HYPOTHALAMIC— pituitary 
connections. BRAIN-—endorphins. 


remained controversial (9). In particular, this ques- 
tion has not been addressed in relation to burn injury 
although this is recognized to result in pronounced 
hypercortisolemia, metabolic and immune derange- 
ments, and difficult problems in pain management 
necessitating use of potent analgesics (10-15). 

To distinguish peripheral (i.e., blood-borne via the 
systemic circulation) from central (i.e., hypothalamic- 
hypophyseal humoral or neural) signals mediating 
the pituitaryadrenal stress response, we employed 
animals with autotransplantation of the pituitary 
from sella turcica to under the renal capsule. Hetero- 
topic pituitary autotransplantation is a venerable 
technique for preserving pituitary tissue while dis- 
rupting any possible brain-pituitary connection (16— 
18). It averts the potentially confounding effects of 
persistent high local concentrations of hypothalamic 
releasing factors near a pituitary left in situ after stalk 
section, or regrowth of neural connections down the 
pituitary stalk. 


Methods 


All experiments were reviewed and approved by the 
Protocol Review Group of the Subcommittee on An- 
imal Care, Committee on Research, Massachusetts 
General Hospital. Male Sprague-Dawley rats (Taconic 
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Farms, Inc., Germantown, NY) weighed 175-200 g. 
Under sodium pentobarbital anesthesia, pituitaries 
were gently aspirated via the auditory canal using a 
needle and glass syringe in 34 rats. Each aspirate was 
discharged into a petri dish and inspected to assure 
completeness of removal. In 24 of these animals, the 
pituitary was placed in a petri dish filled with phos- 
phate-buffered saline (pH 7.4). These animals then 
had the abdominal wall opened via a separate, 2-cm 
dorsal midline incision, through which a kidney was 
retracted. The pituitary gland was then placed in a 
trochar and implanted under the kidney capsule, 
after which the kidney was returned to the body 
cavity and the skin incision closed. Ten animals did 
not undergo pituitary reimplantation, i.e., were left 
with hypophysectomies. Autotransplanted or hy- 
pophysectomized animals were kept on 12-h light- 
dark cycles and given free access to lab chow and 5% 
dextrose in water. Chronic indwelling jugular cannu- 
lae were placed in these and 12 intact normal rats 
after preoperative penicillin (50,000 U intramuscular), 
atropine (0.01 mg subcutaneous), and, in hypophy- 
sectomized or autotransplanted rats, hydrocortisone 
(5 mg/kg intraperitoneal). Ketamine anesthesia (50 
mg/kg intraperitoneal) was used for cannula implan- 
tation in all groups as this technique produced less 
cardiovascular instability than other anesthetic regi- 
mens tested (e.g., barbiturates). 

Plasma immunoreactive -endorphin (B-EP) (19) 
and corticosterone (C) (Cambridge Medical Diagnos- 
tics, Billerica MA) were assayed by published meth- 
ods. Cutoff levels of 2000 pg/ml and 500 ug/ml were 
used for B-EP and C, respectively, because higher 
values were imprecise in the assay conditions em- 
ployed. 

Atraumatic sampling of plasma for hormone as- 
says was carried out before and 30 min after injection 
of saline vehicle on a control day, day 0. Starting the 
next morning, day 1, in order to detect incomplete 
hypophysectomies (20,21) or unsuccessful autotrans- 
plants, animals in these two experimental groups 
were primed twice daily for three days with 1 ug of 
subcutaneous ovine CRH (22; Bachem, Torrance, 
CA). On days 1-3, plasma was sampled immediately 
before and 30 min after the morning CRH injection 
and assayed for B-EP and C (Table 1). B-EP and C 
showed no response to CRH in 4 out of 24 autotrans- 
planted animals and their results were excluded from 
any analyses. On day 4, animals were subjected to a 
thermal stress previously found to raise B-EP levels in 
normal, intact rats (23): rats were pretreated with 
atropine (0.01 mg subcutaneous) and anesthetized 
with pentobarbital (25 mg/kg intraperitoneal) prior to 
scald of 50% body surface area. Half of the remaining 
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autotransplanted group (n = 10) received propranolol 
(500 ug intraperitoneal) 45 min prior to burn. Twelve 
intact normal rats underwent acute burn only with- 
out CRH priming. 

A two-tailed paired t-test was applied within the 
autotransplanted group to determine the significance 
of differences between mean hormone levels before 
and after acute CRH administration on each day (24). 
To assess the effect of acute burn stress upon plasma 
levels of B-EP and C during the next three hours, we 
did not employ multiple t-tests at consecutive time 
points because doing so might have produced spuri- 
ously low P values (25,26). Instead, we calculated an 
integrated response, the area under the time-course 
curve above the basal level, as a summary measure of 
the time course of each of these two hormones. This 
integrated response was computed using the trape- 
zoidal rule program developed by Tallarida and Mur- 
ray (24). A single t-test was then used to examine 
whether the integrated response was greater than 
zero in each experimental group. 


Results 


Normal, intact animals showed robust rises in both 
B-EP and C (Table 1), confirming previous findings 
(23). Animals with pituitary excision (without reim- 
plantation) had minor, insignificant rises in B-EP and 
on 

In rats with pituitary-to-kidney autotransplants, 
injections of CRH on days 1, 2, and 3 produced 
concurrent, significant rises in both B-EP and C 
(Table 1). In contrast, insignificant increases in B-EP 
(67 + 32 to 126 + 90 pg/ml; mean + sEM) and 
insignificant decreases in C (19 + 23 to 11 + 2 ng/ml) 
were seen after saline vehicle injection on day 0. 
Autotransplanted rats had increases in B-EP after 
burn injury, although their absolute B-EP levels were 
between those of the hypophysectomized and intact 
groups. Propranolol pretreatment in the autotrans- 
planted group was associated with a slightly greater 
B-EP peak response, than without pretreatment. Sta- 
tistically insignificant increases in C to a peak of about 
twice the baseline were present in both autotrans- 
planted groups, although numerically higher levels 
of C at all time points were found after propranolol 
pretreatment. 

Positive but insignificant correlations (range 0.37- 
0.47) were present between B-EP and C in each of the 
three operated groups after acute burn, but only for 
the unoperated, intact controls was r significant [0.96, 
P < 0.0001]. 


EXTRA-CENTRAL NERVOUS SYSTEM STIMULI OF STRESS RESPONSES 
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Table 1. Mean Levels of Plasma Immunoreactive 8-Endorphin and Corticosterone 


Group/Day/Treatment 


Normal, intact (N = 12) 
Burn, T = 0 (min) 


60 
90) 
120 
180 


Hypophysectomized (N = 10) 


Day 4, burn T = 0 (min) 
30 
60 
90 
120 
180 


Autotransplant (N = 10) 
Day 1, pre~-CRH 


post-CRH 
Day 4, burn, T = 0 (min) 
30 


60 
90 
120 
180 


Beta-blocked autotransplant (N = 10) 
Burn, T = 0 (min) 
30 
60 
90 
120 
180 


1989;69:197-201 
8-Endorphin Corticosterone 
(pg/ml) (ug/ml) 
314 (77) 159 (76) 
1115 (159) 500 (0) 
1151 (155) 491 (9) 
1201 (173) 500 (0) 
981 (100) 500 (0) 
836 (192) 500 (0) 
(t = 5.49, P < 0.001) (t = 4.36, P < 0.02) 
16 (4) 16 (0.3) 
11 (2) 16 (0.9) 
17 (3) 15 (1) 
8 (2) 15 (0.6) 
15 (2) 16 (0.6) 
14 (4) 15 (0.4) 
42 (5) 20 (2) 
50 (5) 23 (1) 
66 (10) 24 (3) 
52 (6) 22 (2) 
39 (7) 19 (2) 
44 (13) 19 (2) 
(NS) (NS) 
59 (9) 7 (0.4) 
343 (38) 14 (17 
61 (12) 8 (0.5) 
295 (21)? 24 (37 
67 (9) 9 (1) 
392 (34y 31 (57 
67 (10) 8 (0.6) 
182 (27) 24 (10) 
146 (24) 20 (8) 
131 (28) 16 (6) 
142 (31) 12 (3) 
178 (34) 10 (3) 
(f = 4.28, P < 0.01) (NS) 
65 (11) 36 (5) 
171 (24) 55 (12) 
352 (95) 65 (18) 
277 (67) 45 (5) 
294 (76) 48 (5) 
444 (53) 57 (9) 
(t = 2.84, P < 0.02) (NS) 


Values given as means (sam). P-values for the responses to acute CRH are denoted by * <0.05, ° <0.01, € <0.001, 4 <0.0001. See Methods for description 
of statistical tests employed in each experimental condition. Abbreviations: CRH, corticotropin-releasing hormone; NS, nonsi 


Discussion 

These results demonstrate in vivo an acute pituitary— 
adrenal response to tissue damage in the absence of 
direct control by the CNS. That is, after acute burns 
peripheral, systemically. circulating factors appear to 
mediate a B-EP response only moderately less than 
that evoked by a pharmacologic dose of hypothalamic 
CRH. The near-absence of B-EP or C increases in 
hypophysectomized rats after CRH or burn injury 
indicates that postburn B-EP increases in autotrans- 


planted rats result essentially from the heterotopic 
pituitaries only, and not other tissues, pituitary rem- 
nants, or white blood cells (27-29). Of course, the 
present results do not define the structure or source 
of circulating CRH-like bioactivity, a complex task 
given the known presence of hypothalamic and non- 
hypothalamic contributions to circulating “authentic” 
CRH (30-32), the extra-hypothalamic origin of 
“tissue” CRH (16-18), and the presence of IL-1 in 
hypothalamic tissues (33). 
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Our data thus extend older investigations (i.e., 
before the advent of radioimmunoassays) which sug- 
gested that peripheral factors of extrahypothalamic 
Origin may reach the pituitary via the systemic circu- 
lation and thereby directly stimulate pituitary-adrenal 
stress responses (16-18). Recent interest in such fac- 
tors has intensified after the demonstration that 
monokines may stimulate pituitary cells in vitro to 
secrete adrenocorticotropic hormone (ACTH), yet on- 
going studies of this complex process (34) have pro- 
duced conflicting results (9). Bernton and co-workers 
(6), for example, found that IL-1 directly releases 
ACTH and other hormones from cultured pituicytes, 
while others (7,8,35,36) have suggested that interleu- 
kin-1 acts in vitro or in vivo to stimulate CRH secre- 
tion and only secondarily evokes pituitary ACTH 
secretion. Moreover, our data further extend obser- 
vations that in vivo immune neutralization of CRH 
(37,38) or isolation of the pituitary from its hypotha- 
lamic control (39) may be insufficient to suppress 
entirely the pituitary-adrenal response to acute 
stress, and that plasma B-EP levels are many-fold 
higher during hypotension due to endotoxin com- 
pared with that due to hemorrhage (40). 

Although the pituitary-to-kidney autotransplant 
model is still in use, it has been applied largely to 
study chronic hyperprolactinemia (41) rather than 
acute pituitary-adrenal responses. Neurointermedi- 
ate (not anterior) lobe autotransplants to kidney have 
recently been reported, however (42). We chose not 
to employ multiple pituitary grafts per animal to 
avoid possible high baseline corticosterone levels in 
such animals (16-18,41). 

The importance of B-adrenergic pathways in pitu- 
itary—adrenal responses to certain stressors (e.g., 
hypoglycemia) is recognized (43), but in our hands 
propranolol augmented stress-induced B-EP and C 
secretion. We cannot exclude the possibility that 
circulating catecholamines may affect the secretory 
activity of heterotopic pituitary tissue. Nonetheless, 
this appears unlikely in view of results by Makara et 
al. (44) that B-adrenergic blockade has little effect on 
stress-induced pituitary ACTH secretion in rats with 
hypothalamic deafferentation. It is unclear why 
plasma B-EP and C levels were higher at nearly all 
time points in the B-blocked group than in the un- 
treated autotransplanted animals, although replica- 
tion and clarification of this effect might shed light on 
regulation of stress-induced pituitary—adrenal secre- 
tion. 

Our findings indicate that stress hormone release 
may to some degree be independent of, and hence 
may not always parallel, CNS processes. Thus, the 
widespread practice of quantitating stress or pain 
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perceived by the CNS through measurements of 
circulating “stress hormones” (1,4,22,45), even to the 
point of titrating perioperative analgesic drug doses 
to suppress these hormonal responses (46), may be 
flawed. Further studies will be necessary to assess the 
relative importance in vivo of many mediators (e.g., 
interleukins or other factors (47) with CRH-like activ- 
ity) that might contribute to our present findings. For 
such studies, the pituitary-to-kidney autotrans- 
planted rat model is attractive. 


We thank J. Barvik and A. Kazianis for outstanding technical 


support, Dr. H. Bode for useful discussions, and P. Meara for pilot 
corticosterone assays. 
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Impact on the Cardiovascular, Adrenergic, and Renin-Angiotensin Systems 


in Man 
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EDMONDSON R, DEL VALLE O, SHAH N, WONG G, 
DWYER D, MATARAZZO D, THORNE A, COFFEY C, 
BEDFORD R. Esmolol for potentiation of 
nitroprusside-induced hypotension: impact on the 
cardiovascular, adrenergic, and renin-angiotensin systems 
in man. Anesth Analg 1989;69:202-6. 


Esmolol infusion at rates of 200, 300, and 400 
ug-kg-7-min~* was used to potentiate hypotension (mean 
arterial pressure = 60 mm Hg) induced with sodium 
nitroprusside (SNP) in 10 male patients undergoing radical 
cancer surgery during nitrous oxide-oxygen and fentanyl 
anesthesia. Heart rate (HR), blood pressure (radial arterial 
catheter), and plasma levels of renin acttvity (PRA), nor- 
epinephrine (N), epinephrine (E), and dopamine (D) were 
measured: 1) while patients were awake; 2) after induction 
of anesthesia (nitrous oxide, 60% in oxygen, fentanyl = 5 
pgikg followed by an infusion at 10 ug-kg™!-hr~"); 3) after 
surgery had begun; 4) after 20 minutes of SNP-induced 
hypotension; 5) after 20 minutes of esmolol at each of the 
above infusion rates; and 6) after the completion of surgery. 
Compared to awake values, SNP-induced hypotension 
(mean infusion rate = 3.1 pg-kg-*-min™* + 0.6 se) 
during surgery resulted in significant (P < 0.05) increases 
in heart rate, PRA, N, and D. Infusion of esmolol resulted 
in significant (P < 0.05) dose-dependent reductions in 
SNP requirement to maintain MAP = 60 mm Hg. At 


Sodium nitroprusside (SNP) is widely used for induc- 
ing intraoperative hypotension despite its well- 
known disadvantages, including tachyphylaxis (1,2), 
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200 wg-kg-*-min™?, SNP requirement was 2.1 


pg'kg `’ min ™? +0.4, at 300 pg-kg—*-min™*, it was 1.0 
ug-kg~!-min—? +0.2, and at 400 pg-kg*-min™", was 0.5 
pg-kg”'-min~? +0.3. Concomitant with the decrease in 
SNP requirement, there were significant reductions in HR 
and PRA at all infusion rates of esmolol. At 300 
ug-ke”'-min7, there was a significant (P < 0.05) increase 
in PaO, (141 mm Hg + 18 to 162 mm Hg + 16, and 
decrease in N (615 pg/ml + 105 to 356 pg/ml + 56) and E 
(74 pg/ml + 20 to 57 + 10). No rebound hypertension was 
observed at the end of SNP-esmolol infusion, and HR, BP, 
PaO, PRA, N, and D levels were not different from awake 
values. Only E levels were elevated postoperatively (460 pg/ 
ml + 98 vs 63 pg/ml + 8 preoperatively, P < 0.05). The 
authors conclude that esmolol infusion is a safe and effective 
pharmacologic means of potentiating SNP-induced hypo- 
tension during fentanyl-N,O-O, anesthesia. Esmolol acts 
by counteracting many of the adverse endocrine and barore- 
ceptor-mediated effects of SNP, and the short half-lives of 
esmolol and SNP permit contemporaneous termination of 
action when they are simultaneously discontinued. 


Key Words: ANESTHETIC TECHNIQUES, 
HYPOTENSIVE—nitroprusside. HEART, MYOCARDIAL 
FUNCTION. SYMPATHETIC NERVOUS SYSTEM, 
PHARMACOLOGY—esmolol. 


reflex tachycardia (1-4), the possibility of cyanide 
toxicity (5-11), deterioration in arterial oxygenation 
(12,13), and rebound hypertension (14). Some of the 
techniques for reducing dose requirements for SNP 
and its attendant complications include increasing 
doses of general anesthetics (15,16), use of converting 
enzyme inhibitors (17,18), and beta adrenergic block- 
ade (19-21). Propranolol has been the most widely 
recommended beta-blocking agent for use in conjunc- 
tion with SNP, but it has a relatively slow onset, a 
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duration of action that may prevent tachycardia in- 
dicative of postoperative hypoxemia or hypovolemia, 
and a lack of beta-1 antagonism that may be trouble- 
some in patients with reactive airways disease. The 
recently introduced short-acting beta blocker, es- 
molol, has the advantages of beta-1 antagonism, 
rapid onset and brief half-life, thus theoretically mak- 
ing it an ideal agent for potentiation of SNP-induced 
hypotension (22-24). We sought to evaluate these 
potential advantages by studying the impact of es- 
molol infusion on SNP dose-requirement, arterial 
oxygenation, heart rate, plasma renin activity, and 
catecholamine levels during SNP-induced hypoten- 
sion to a mean arterial blood pressure of 60 mm Hg in 
patients undergoing major cancer operations. 


Methods 


The subjects of this investigation were 10 ASA phys- 
ical status I or II patients, ages 25-75 years (mean = 
47) with urological malignancies scheduled for radical 
abdominal operations. The protocol was reviewed 
and approved by the Institutional Review Board, and 
informed consent was obtained from each patient on 
the day before operation. Premedication consisted of 
meperidine, 1 mg/kg, hydroxyzine, 1 mg/kg, and 
glycopyrolate, 0.2 mg, IM one hour before the oper- 
ation. Anesthesia was induced with thiopental, 3-5 
mg/kg, and maintained with 60% NO in oxygen 
supplemented with fentanyl, 5 pg/kg IV, followed by 
a fentanyl infusion at a rate of 5-10 ug-kg™*-hr7! 
throughout the operation. Tracheal intubation was 
facilitated with succinylcholine, 1 mg/kg, IV, and 
abdominal muscle relaxation was maintained with 
pancuronium, 0.1 mg/kg IV, as required. Ventilation 
was controlled to maintain end-tidal CO, tension at 
35 mm Hg (Perkin-Elmer Mass Spectrograph) and 
central venous and radial arterial catheters were 
placed for continuous monitoring of vascular pres- 
sures (Bentley Trantek Model 500 transducers) and to 
obtain blood samples. Intravenous fluids were ad- 
ministered as needed to maintain a constant central 
venous pressure. 

The following were measured and recorded: heart 
rate (HR), mean arterial pressure (MAP), arterial 
blood gas tensions, plasma renin activity (PRA) by 
radioimmunoassay (New England Nuclear, N. Biller- 
ica, ME), and epinephrine (E), norepinephrine (N), 
and dopamine (D) levels determined by high- 
performance liquid chromatography and electro- 
chemical detection assay using the method of Moyer 
et al. (25). The above measurements were made: 1) 
when patients were awake in the operating room; 2) 
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Figure 1. Mean arterial blood pressure during the study. Note the 
absence of rebound hypertension in the postoperative period. 


after induction of N,O-O,-fentanyl anesthesia; 3) 
after intra-abdominal surgery had begun; 4) after 
MAP was lowered to 60 mm Hg for 20 min with 
SNP infusion; 5) 20 minutes after esmolol infusion at 
each of the following rates: 200, 300, and 400 
ue-kg~'-min™’, with SNP doses reduced to maintain 
MAP at 60 mm Hg; and 6) at the termination of 
operation, after both SNP and esmolol had been 
terminated simultaneously. 

The effects of esmolol on SNP requirement, PRA, 
and HR were evaluated statistically using growth 
curve analysis. The linear growth curve models of 
Rao (26), which relate the mean growth of the ob- 
served data points to a polynomial function of the 
esmolol dose, were fitted to the data. A least-squares 
procedure was then used to estimate the parameters 
of the growth curve models. For SNP dose require- 
ment and plasma renin activity, simple growth curve 
models were fitted to the data; for heart rate, a 
quadratic model was necessary. Data obtained before 
and after esmolol infusion were compared using 
Student’s two-tailed paired t-test. P < 0.05 was 
regarded as representing statistical significance. 


Results 


The results of the study are summarized in Fig. 1—4 
and Table 1. SNP-induced hypotension during sur- 
gery with a fentanyl-O.-N,O-pancuronium anes- 
thetic technique was associated with significant in- 
creases in HR, PRA, N, and D levels and a significant 
decrease in PaO,. After 20 min of esmolol infusion at 
200 ng-kg~*-min~*, there was a significant reduction 
in SNP dose requirement and concomitant significant 
reductions in HR and PRA below values obtained just 
before esmolol was e i After 20 min of esmolol 
infusion at 300 ug-kg™ -1 (40 min after esmolol 
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Figure 2. Dose of sodium nitroprusside required to maintain 
mean arterial pressure at 60 mm Hg, without and with concomitant 
esmolol infusion. 
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Figure 3. Heart rate responses to induction of anesthesia, surgical 
stimulation, SNP-induced hypotension and subsequent esmolol 
infusion. 


was begun), SNP dose requirement was further re- 
duced, PaO, was significantly increased and PRA, N, 
and E levels were all significantly less than values 
observed during SNP infusion without esmolol. In 4 
patients, when esmolol infusion was increased to 400 
ug-kg~*-min~', SNP was no longer required to main- 
tain MAP at 60 mm Hg, and in one patient (age = 75 
years) esmolol had to be terminated due to a heart 
rate below 50 bpm. With an esmolol infusion rate of 
400 pg-kg—*-min@, PaO,, PRA, N, and E values 
were not significantly different from those obtained 
when the patients were awake. At the end of the 
operation, there was no evidence of rebound hyper- 
tension and HR, BP, PRA, PaO, were not signifi- 
cantly different from the corresponding preoperative 
values; only E levels remained significantly elevated. 


Discussion 


Beta-adrenergic blockade is well-established as a sim- 
ple and safe technique for minimizing SNP dose- 
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Figure 4. Plasma renin activity throughout the study, showing 
increases in response to surgery and SNP-infusion followed by 
significant reductions after esmolol infusion began. 


requirement (19-21), improving oxygenation during 
SNP infusion (19), and preventing -ebound hyperten- 
sion at the completion of SNP administration (20). 
Beta-blockade is known to have multiple effects dur- 
ing SNP-induced hypotension. First, it decreases 
heart rate by inhibiting adrenergic receptors respon- 
sible for the compensatory tachycardia usually seen 
during hypotension. Second, it decreases myocardial 
contractility, thus augmenting the hypotension in- 
duced by peripheral vasodilation and also preventing 
the excessively high cardiac output hypothesized as 
being responsible for deterioration in oxygenation 
during SNP infusion (12,13). Finally, beta-blockade 
inhibits the release of renin from the renal juxtaglo- 
merular apparatus of the kidney (19). It is the activa- 
tion of the renin-angiotensin system and the produc- 
tion of high levels of the vasoconstrictor, angiotensin 
II, that is thought to be primarily responsible for 
resistance to the effects of SNP and for the rebound 
hypertension that may occur when SNP is discontin- 
ued (20). 

Despite the advantages of beta-blockade for poten- 
tiation’ of SNP-induced intraoperative hypotension, 
until recently there has been no beta-adrenergic 
blocking agent with a time-action curve similar to that 
of SNP. Thus, there has been concern that residual 
beta-blockade in the postoperative period might 
mask tachycardia indicative of either hypovolemia or 
hypoxemia. Since esmolol has both a rapid onset and 
a brief half-life, it would appear to be a logical 
adjuvant for SNP. The data presented here indicate 
that esmolol, in a dose range of 200-300 ug'kg`t- 
min“ +, is capable of quickly potentiating the hypoten- 
sive effects of SNP, both through its negative chro- 
notropic effect on the cardiovascular system and by 
preventing release of renin. While we did not mea- 
sure cardiac output or other indices of hemodynamic 
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Table 1. Changes in Arterial Catecholamine Levels and Blood Gas Tensions Throughout the Study 


EPI NOR-EPI 
Awake 63 + 8 330 + 31 
Anesthesia 10 + 4* 136 + 21* 
Surgery 65.22] 352 + 43 
SNP without E 74 + 20 615 + 105* 
SNP + E = 200 56 + 13 398 + 48 
SNP + E = 300 38 + 8t 356 + 46t 
SNP + E = 400 7L 27 398 + 69 
Recovery room 460 + 98* 629 + 146 


SNP + E, sodium nitroprusside plus esmolol in yg-kg~'-min7!. 
All Values = Mean + SEM. 

* P< .05 vs Awake. 

t, P < .05 vs SNP without E. 

EPI, Epinephrine; NOR-EPI, Nor-epinephrine. 


performance, esmolol has been shown to depress 
both cardiac output and stroke volume during gen- 
eral anesthesia in man (27,28), and we have no reason 
to doubt that these effects also occurred during the 
present study, although the usual response might 
have been modified by concomitant administration of 
SNP. 

Esmolol has also been investigated as the sole 
agent for inducing controlled hypotension. At a dose 
of 300 ug-kg~*-min™’, esmolol does not reliably pro- 
duce a 15% reduction in blood pressure, even in the 
presence of isoflurane anesthesia (29,30). As the 
present study demonstrates, it was possible to induce 
a MAP of 60 mm Hg in only 4 of 10 patients with an 
esmolol dose of 400 ug-kg~'-min™*. Furthermore, 
esmolol had to be terminated in one of these patients 
because of an excessively slow heart rate (<50 beats/ 
min). It is because of the difficulty in reliably inducing 
hypotension with esmolol alone that a combined 
SNP-esmolol technique is intuitively attractive. 

Since esmolol infusion in this study was not ran- 
domized, these data should not be considered an 
exact description of the dose-response interaction 
between SNP and esmolol. It is possible that some of 
the effects of the 300 and 400 ug-kg~!-min~* infusion 
rates were caused by the duration of esmolol infusion 
or ongoing surgical events rather than being induced 
by the dose of esmolol administered. However, since 
the time of onset of esmolol is approximately 2 
minutes and its elimination half-life is only 9 min (31), 
we believe that the data recorded after 20 min of 
esmolol infusion at 300 or 400 pg-kg~*-min™’ are 
reasonably close to the steady-state relationship that 
would have been determined if a non-sequential 
dosing protocol had been followed. Since none of 
these patients had significant blood loss during the 
one-hour study period, we doubt that our results 
were biased by always infusing esmolol in the same 
dose sequence. From a practical point of view, we felt 
that it was not in the patients’ best interest to risk 


Dopamine pH PaCO, PO, 
144+7 — — — 
4+3 ‘7,45 + 0.01t a7 = 2 197 + 14+ 
30 + 8* 7.42 + 0.01 392+2 183 + 14+ 
fa 15? 7.41 + 0.01 38 + I 141 + 18 
85 + 197 7.42 + 0.01 37-2] 144 + 17 
57 + 10° -7.39 + 0.02 38 + 2 162 + 16t 
198 + 145 7.40 + 0.02 36 +1 172 + 14+ 
331 + 282 7.33 + 0.01t 45 + 2t 175 + 28 


infusing esmolol at 400 ug-kg~’-min™’ while the 
mean blood pressure had already been lowered to 60 
mm Hg. 

The time-action curve of the effect of esmolol on 
the adrenergic and renin-angiotensin systems is not 
known. It is, therefore, more plausible that our 
sequential dosing scheme introduced bias in inter- 
preting the responses of plasma catecholamines lev- 
els and PRA to the different rates of infusion of 
esmolol. While our data suggest that 300 ug-ke™’- 
min™* is an optimal dose for blunting these re- 
sponses, it might be that 200 ug: kg~*-min™* would 
have been equally effective if it had been continued 
for 40 minutes. Previous work with propranolol indi- 
cated a 40-minute time lag between administration of 
propranolol and a significant reduction in PRA (19). 
Given the rapid onset and termination of action of 
esmolol, it should be reasonably easy to define the 
time-action curve for the effects of esmolol on these 
humoral functions in subsequent studies. 

In conclusion, we found a profound potentiation 
of hypotensive action of SNP when esmolol is admin- 
istered simultaneously. The effect of esmolol is me- 
diated by a direct chronotropic action on the heart as 
well as by inhibition of the renin-angiotensin and 
catecholamine responses to SNP-induced hypoten- 
sion. It is likely that a negative inotropic effect of 
esmolol may be contributory, but this was not stud- 
ied directly. The similar pharmacokinetic and phar- 
macodynamic properties of SNP and esmolol make 
this combination of agents an easy and attractive 
technique for inducing controlled intraoperative hy- 
potension. 
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Early Postoperative Arterial Oxygen Desaturation 


Determining Factors and Response to Oxygen Therapy 


Jaume Canet, Mb, Montserrat Ricos, Mp, and Fernando Vidal, MD 


CANET J, RICOS M, VIDAL F. Early postoperative 
arterial desaturation. Determining factors and response to 
oxygen therapy. Anesth Analg 1989;69:207-12. 


Oxygen arterial saturation (Sao,) was measured with a 
pulse oximeter in 209 patients after elective surgery. Mea- 
surements were made upon arrival in the recovery room 
(RR) and 1 hr later. On each occasion, the patients 
randomly and alternately breathed—for 10 min at a time— 
room air or 35% O,. Factors that might influence the 
incidence of postoperative hypoxemia were analyzed. After 
breathing room air for 10 min after arrival in the RR, the 
mean Sao, was 90.7 + 3.9% (+sp). Twenty min after and 
1 hr after arrival in the RR, mean Sao, increased signifi- 
cantly to 92.4 + 3.5% (P < 0.001) and 93.2 + 3.0% (P < 
0.001), respectively. Postoperative hypoxemia (Sao, = 
90%) after breathing room air for 10 min at 10 min, 20 


Early postoperative hypoxemia as a postanesthetic 
complication often appears at the end of an operation 
and may linger through the first postoperative hours. 
It is the result of changes in respiratory function 
during anesthesia, especially increases in pulmonary 
shunting and dead space. In addition, posthyperven- 
tilation hypoventilation and the persistence of venti- 
latory depression produced by anesthetics and mus- 
cular relaxants aggravate hypoxemia (1,2). 

The availability of pulse oximetry (3) has made it 
possible to make continuous measurements of arte- 
rial oxygen saturation (Sao) intra- and postopera- 
tively. In the last few years, studies have analyzed 
arterial oxygen desaturation during anesthesia (4-6), 
transfer to the recovery room (RR) (7,8) and immedi- 
ate postoperative period in children (9,10). Sao, in 
the early period of anesthetic recovery, however, has 
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min, and 1 hr after arrival in the RR occurred in 43.8%, 
26.9%, and 16.9% of the patients, respectively. Breathing 
35% O, for 10 min 10 min after arrival in the RR, as well 
as 20 min and 1 hr after arrival, significantly increased 
Sao, above the Sao, level after breathing room air by 5.7% 
(P < 0.001), 4.3% (P < 0.001), and 4.0% (P < 0.001), 
respectively. A significant multiple correlation was found 
between low Sao, levels while breathing room air on arrival 
in the RR and fentanyl dose, age, and concentration of 
halothane used intraoperatively (R = 0.46; P < 0.001). 
The data demonstrate that, in the first minutes in the RR, 
there is a high incidence of hypoxemia, that administration 
of 35% O, relieves arterial desaturation, and that the type 
of anesthetic and age are the main factors influencing early 
postoperative hypoxemia. 


Key Words: HYPOXIA—postoperative. 
OXYGEN—therapeutic. 


not been extensively and continuously measured 
using pulse oximetry. Although routine administra- 
tion of oxygen during the postanesthetic period is 
widely accepted, the benefit of this therapy, quanti- 
tated in terms of changes in Sao,, has not been 
reported. 

The purpose of this study was to measure Sao, 
changes with a pulse oximeter during the first post- 
operative hour in a large sample of nonhomogeneous 
patients; at the same time, we quantified the effect of 
oxygen therapy on Sao, and analyzed factors that 
reduce Sao». 


Methods 


Two hundred-nine patients scheduled for elective 
surgery participated in the study. Institutional ap- 
proval and individual patient consents were ob- 
tained. Table 1 lists the general characteristics of the 
patients. We included patients regardless of sex, age, 
type of surgery and anesthesia, or physical status. 
Patients who were not breathing spontaneously upon 
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Table 1. General Data 


No. of patients 209 
Sex (male/female) 119/90 
Age (yr) 46 + 20 (3-86) 
Weight (kg) 63 + 14 (15-98) 
Height (cm) 159 + 13 (95-185) 
Body Mass Index (kg x m~*) 24 + 4 (15-36) 
ASA physical status (%) 

I 43% 

o 39% 

m 18% 


Data are tsp; ranges are expressed in parentheses. 


arrival in the RR were excluded. The transfer time 
from the operating room to the RR was always <30 
sec. Measurement of Sao, began on arrival in the RR. 

Sao, was measured with the ear probe of a pulse 
oximeter Biox 3700 (Ohmeda, Boulder, CO). When 
the signal of the pulse wave was unsatisfactory due to 
faulty peripheral perfusion or jaundice, the patient 
was excluded. When O, was given, a Venturi mask 
was used. 

On arrival in the RR the patients were randomly 
divided into two groups. The patients of the first 
group (IA) breathed room air for 10 min and then 
were immediately given 35% O, for 10 min more. The 
patients in the second group (IO) underwent reverse 
procedure: they breathed 35% O, for the first 10 min 
and room air for the next 10 min. Measurements of 
Sao, were made at the end of each 10 min period. At 
1 hr, the number of patients was 207 because two 
children had been discharged. These 207 patients 
were once again randomly redivided into two new 
groups (IIA and HO) and they followed the same 
procedure of alternately breathing room air or 35% 
O,. At the end of each 10-min period, the Sao, once 
again was measured with the pulse oximeter. During 
the rest of the stay in the RR all patients breathed 35% 
O, and vital signs were measured every 15 min. 

All data are given as mean + sp. We used a paired 
t-test to determine the statistical significance of dif- 
ferences of Sao, when different situations within a 
single group of patients were analyzed and a two- 
sample t-test when different groups were compared. 
Patients were categorized each time Sao, was mea- 
sured on the basis of Sao, levels as being nonhypox- 
emic (Sao, = 91%), hypoxemic (Sao, = 86%-90%) or 
severely hypoxemic (Sao, = 85%), the number of 
patients in each category then being analyzed for 
statistically significant differences using a *-test. 
Comparisons between Sao, levels were made with a 
two-sample f-test with the patients separated accord- 
ing to sex; type of anesthesia used (both general and 
regional anesthesia); site of operation, there being 
both central (intrathoracic or intraabdominal), as well 
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as peripheral (head, neck, limbs, or abdominal or 
chest wall); and preexisting pulmonary disease (i.e., 
whether the patient had a clinical history of chronic 
obstructive disease or asthma [11]). A stepwise mul- 
tiple linear regression was made between the Sao, 
after breathing room air on arrival in the RR as a 
dependent variable, and the rest of the variables. We 
looked for a regression model fitted to the variables to 
predict the Sao, breathing room air on arrival. A P 
value <0.05 was considered statistically significant. 


Results 


Table 2 presents the mean postoperative Sao, levels 
on arrival in the RR and 1 hr later both after breathing 
room air and after breathing 35% QO, for patients 
randomly assigned to breathe either room air (A) or 
35% Oy (O) first. A statistically significant difference 
in Sao, after breathing room air on arrival in the RR 
was found between the patients initially breathing air 
(A) and those breathing 35% O, (O). The mean for 
the A group was 90.7 + 3.9% and for the O group 
92.4 + 3.5%. This difference represents a significant 
increase of 1.7% in Sao, breathing room air between 
10 and 20 min after arrival in the RR. The magnitude 
of this same difference was not great enough to be 
statistically significant 1 hr later. The Sao, in patients 
breathing room air 1 hr after arrival in the RR in- 
creased to a mean of 93.0 + 3.0% in both groups, a 
level significantly above the level of Sao, observed 
when room air was breathed when first admitted to 
the RR. 

In all instances statistically significant increases in 
Sao, were produced by breathing 35% O,. The in- 
crease averaged 5.7% in patients who breathed room 
air for the first 10 min after arrival in the RR and 4.3% 
in patients who breathed room air between 10 and 20 
min later. One hour later the mean increase when 
patients breathed 35% O, was of 4.0%, with no 
significant difference between the two groups. 

Table 3 presents the number and percentage of 
patients according to levels of hypcxemia. The results 
are grouped, as in Table 2, for each of the four 
measurements of Sao, and for the random groups. 
We found a statistically significant difference in the 
distribution of hypoxemic levels between the A and 
O groups after breathing room air on arrival in the 


- RR. Hypoxemia and severe hypoxemia occurred in 


43.8% and 11.4% of the sample, respectively, 10 min 
after arrival in the RR, and in 26.9% and 3.8% at 20 
min. 

The general characteristics, duration of operation 
and Sao, with each measurement are broken down in 
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Table 2. Postoperative Arterial Oxygen Saturations in the Recovery Room 
On arrival in RR After 1 hr in RR 
Group Room air 35% oxygen Group Room air 35% oxygen 
IA (N = 105) 90.7 + 3.9 96.4 + 2.4° IIA (N = 103) 93.0 + 2.8° 96.9 + 2.2° 
IO (N = 104) 92.4 + 3.5 96.7 + 2.1? IO (N = 104) 93.4 + 3.1° 97.4 + 2.0 


IA and IA are patients who first breathed room air for 10 min and then 35% O, for 10 min. JO and MO are patients that first breathed 35% O, for 10 min 
and then room air for 10 min. 

“Statistically significant difference in Sao, between groups IA and IO {P < 0.001; two-sample t-test). 

‘Statistically significant difference in Sao, between room air and 35% O, breathing within the single groups (IA, IO, IA, INO) (P < 0.001; paired t-test). 

‘Statistically significant difference in Sao, between groups IA and IA and groups IO and IIO after breathing room air (P < 0.001; two-sample t-test). 

‘Statistically significant difference in Sao, between groups IO and IIO after breathing 35% O, (P < 0.001; two-sample t-test). 


Table 3. Number and Percentage of Patients Categorized by Levels of Arterial Saturation 


On arrival in RR After 1 hr in RR 
Room 35% Room 35% 
Sao, (%) Group air oxygen Group air oxygen 

IA (N = 105) IIA (N = 103) 
291 59 (56.2) 103 (98.1) 86 (83.5) 102 (99.0) 
90-86 34 (32.4) 2 (1.9) 14 (13.6) 1 (1.0) 
85 12 (11.4) 0 3 (2.9) 0 

IO (N = 104) HO (N = 104) 
291 76 (73.1) 103 (99.0) 86 (82.7) 104 (100) 
90--86 24 (23.1) 1 (1.0) 16 (15.4) 0 
<85 4 (3.8) 0 2 (1.9) 0 


Groups are as in Table 2. Values express numbers of patients; percentages are expressed in parentheses. 
“Statistically significant difference between groups 1A and IO {P < 0.01; x7-test) 


Table 4. General Data and Saturations by Factors 


Preexisting Pulmonary 
Sex Type of Anesthesia Site of Operation Disease 
Male Female General Regional Central Peripheral Yes No 
Number of patients 119 90 150 56 65 144 65 144 
Sex (male/female) ~ — 79/71" 39/17 29/36" 90/54 52/13° 67/77 
Age (yr) 46 + 21 47 + 18 42 + 19 58 + 16 50 + 17 44 + 21 56 + 16° 42 + 20 
Weight (kg) 63 + 17 62 + 11 61 + 16° 66 + 10 63 + 12 62 + 16 65 + 12 61 +15 
Height (cm) 161 + 17” 156: 7 158 + 15 161 + 8 159 + 9 159 + 15 162 + 10 157 + 15 
BMI (kg x m7?) 23.6 + 4.3? 254+41 240444 253441 245442 243444 244438 2432445 
Time of surgery (min) 91 + 44 99 + 40 99 + 43" 83 + 39 109 + 38° 88 + 43 93 + 43 95 + 42 
Saoz 
Air on arrival 91.9 + 3.7 90.9+3.7 906+3.7% 93.9426 90.4+3.4? 920438 9911438 91.6 +23.7 
O, on arrival 96.7 + 2.3 94+22 9342.2" 973422 2.2420 97424 9%.3+25 %7+2.2 
Air at 1 hr 93.7 + 2.8 927 +32 92.6 +30 94.9223 92.1243.1% 93.8228 92.9 + 3.0 93.4 + 3.0 
O at 1 hr 97.3421 970419 970420 97.742.0 966418" 975421 970423 9732419 


Values are expressed as mean + sp. Abbreviation: BMI body, mass index. 
"P < 0.05; °P < 0,01; "P < 0.001 (two-sample t-test) 


Table 4 into four factors: sex, type of anesthesia, site regional anesthesia. The patients with preexisting 
of operation, and preexisting pulmonary disease. The pulmonary disease, when compared with patients 
Sao, levels in this table represent the means of the with no such clinical history, did not show statisti- 
entire sample. The differences in Sao, depending cally significant differences in Sao, in any of the 
upon whether room air or 35% O, was being situations in which Sao, was measured. 

breathed were greatest in comparisons between pa- A stepwise multiple linear correlation produced a 
tients given general anesthesia and patients given multiple correlation coefficient of R = 0.46 (P < 0.001) 
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between the Sao, breathing room air on arrival in the 
RR as a dependent variable and three variables: 
fentanyl dose, age, and halothane concentration. The 
equation obtained was Sao, = 96.16 — 4.34 fentanyl 
dose (mg) — 0.05 age (yr) — 2.24 halothane concen- 
tration (%). The standardized regression coefficients 
for each of the three independent variables in the 
equation were R = —0.402 (P < 0.001), R = —0.258 
(P < 0.001), R = —0.257 (P < 0.001), respectively. 


Discussion 


Anesthesia is associated with ventilatory changes 
that start with the administration of premedication 
(12), and may last some days after the surgical pro- 
cedure (13).. Hypoxemia is the most obvious result of 
these changes. Many explanations for postanesthetic 
hypoxemia have been proposed (14), with perhaps 
venous admixture and pulmonary shunting being 
today the ones most studied (2,15). The early post- 
operative period is one of the times when patients are 
most apt to develop the greatest degree of arterial 
desaturation. This is because of continuing respira- 
tory abnormalities caused by the anesthesia itself, 
and also because during the early postoperative pe- 
riod patients previously artificially ventilated, and 
often hyperventilated, are beginning to reassume 
spontaneous ventilation (14). 

Conway and Payne (16) found an Sao, of 92.1% in 
the immediate postoperative period of 15 healthy 
patients. Motoyama and Glazener (9) found an Sao, 
of 93% in 97 children on arrival in the RR, with a 
significant increase to 94.1% 5-15 min later. In our 
study (see Table 2), the Sao, level while breathing 
room air increased significantly from 90.7% at 10 min 
after arrival in the RR to 92.4% 20 min after arrival in 
the RR, and to 93.2% at somewhat >1 hr later. The 
marked increase of Sao, during the first minutes, 
which later became moderate, is due to the rapid 
disappearance of the depressant effects of anesthetic 
drugs and posthyperventilation hypoventilation (2). 
Although it has been considered that early hypox- 
emia lasts about 2 hr after the surgical procedure (1), 
the first 20 minutes of the postoperative period seem 
to be most critical. 

The incidence of immediate postoperative hypox- 
emia reported in different studies varies consider- 
ably. Tyler et al. (7) found hypoxemia and severe 
hypoxemia in 35% and 12% of their adult ASA 
physical status I and II patients being transferred 
from the operating room to the RR. Hypoxemia was 
present in 29% of adult patients undergoing periph- 
eral surgery on arrival in the RR (17). In children the 
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incidence of hypoxemia is lower. Vijayakumar et al. 
(10) found hypoxemia in an average of 28% of chil- 
dren being transferred to the RR but that this condi- 
tion depended in part on the concentration of oxygen 
they breathed before leaving the operating room. In 
the same way, Pullerits et al. (8) also found hypox- 
emia and severe hypoxemia in 28% and 12.7%, re- 
spectively, of children during transfer to the RR. In 
our study (see Table 3), we found hypoxemia and 
severe hypoxemia in 43.8% and 11.4%, respectively, 
of patients that breathed room air during the first 10 
min after arrival in the RR. These values are higher 
than the values obtained in the articles cited above. 
We consider that is due to the heterogeneity of our 
sample, which included a goodly percentage of ASA 
physical status II patients and patients who under- 
went major “central” operations. However, hypox- 
emia and severe hypoxemia decreased to 26.9% and 
3.8%, respectively, among the patiznts who breathed 
room air between 10 and 20 min after their arrival in 
the RR. One hour later, these values went down 
further to 16.9% and 2.4%, respectively. These find- 
ings strongly suggest that the first 20 min after the 
operation represent the critical time to watch for the 
appearance of hypoxemia. 

The positive effect that oxygen therapy has on 
hypoxemia has been widely accepted (18). Our pur- 
pose was to quantify the increase in Sao, during the 
early postoperative period. We chose a 35% O, con- 
centration because it has been clearly demonstrated 
that higher concentrations are nc more effective in 
preventing hypoxemia (18). Sao. on the patients’ 
arrival in the RR when breathing 35% O, for 10 min 
was 96.6%, without significant differences depending 
upon whether 35% O, or room air was first breathed. 
In the patients given air first, the increase of Sao, 
after breathing 35% O, for 10 min was 5.7%, and in 
patients breathing 35% O, first the increase after 10 
min averaged 4.3% above the levels of Sao, breathing 
room air. Moreover, hypoxemia persisted in only 
three patients. One hour later, Sao, after breathing 
35% O, increased to 97.2%, a 4.0% increase when 
compared to Sao, after 10 min breathing air after 1 hr 
in the RR, at which time when only one patient 
developed hypoxemia. Conway and Payne (18) 
found an increase in Sao, of 5.3% when they pro- 
vided patients with approximately 39% O, through a 
non-Venturi mask. Our study demonstrates that an 
oxygen concentration of 35% is effective in reducing 
hypoxemia in a general population of patients during 
the early postoperative period. In children, oxygen 
therapy is of special importance because in them 
postanesthetic recovery scores do not correlate with 
Sao, (19). 


EARLY POSTOPERATIVE HYPOXEMIA 


Our study included a heterogeneous sample of 
patients in order to enable us to analyze the factors 
associated with early postoperative hypoxemia. A 
simple linear correlation analysis may be altered by 
interrelations among different factors, and for this 
reason we decided to make a stepwise multiple 
regression analysis. This analysis employs a tolerance 
test to look for variables which might enter into a 
predictable equation (20). Only three variables were 
found to be predictably related to oxygen desatura- 
tion, namely fentanyl dose, age, and halothane con- 
centration. 

Of these three variables, age has been the most 
studied. Nunn (21) found significant correlation be- 
tween age and postoperative Pao,. This correlation 
seems to be due to the relationships between age and 
the mismatching of ventilation to perfusion and age- 
related increases in closing volume (22), as reflected 
in normal decreases in Pao, with age (2). 

In our study we analyzed the effects of the type of 
anesthesia on early postoperative hypoxemia. We 
found a clear relationship between fentanyl dose and 
intraoperative halothane concentration and postoper- 
ative hypoxemia using multiple correlation analysis. 
In addition, as shown in Table 4, Sao, was always 
higher in patients that had regional anesthesia. Fur- 
thermore, these patients were older than patients 
given general anesthesia. Since age is a significant 
determinant of postoperative Sao,, if the ages had 
been more similar in the patients given regional and 
general anesthesia we might predict that the differ- 
ences in Sao, would have been greater. Other au- 
thors have found no differences in arterial blood gas 
tensions postoperatively in patients having regional 
or general anesthesia, perhaps because these studies 
were performed in carefully selected groups (23,24). 
Recently, McKay and Noble (5), studying a group of 
unselected patients, found that incidence of arterial 
desaturation during anesthetic induction, mainte- 
nance and emergence was significantly lower in pa- 
tients having regional anesthesia. The effects of gen- 
eral anesthesia on pulmonary function (14) could be 
the reason for these differences in Sao, in the early 
postoperative period in patients having general or 
regional anesthesia. 

Sex has not been considered a determining factor 
in postoperative hypoxemia (2). We found Sao, to be 
higher in males than in females at all observation 
times (see Table 4). The lower Sao, levels in females 
may be due to the higher incidence of obesity. In 
connection with this, Tyler et al. (7) found a correla- 
tion between degree of obesity and the incidence of 
hypoxemia during the transfer of patients from the 
operating room to the RR. 
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Site of operation has been associated with postop- 
erative hypoxemia (15), but not in the early postop- 
erative period (22). We found that immediately post- 
operative Sao, levels were significantly higher in 
patients who underwent peripheral operations than 
they were in patients who had thoracic or abdominal 
surgery (Table 4). In addition, we found that these 
Sao, differences became greater one hour after arrival 
in the RR. We must point out that the majority of the 
thoracic or abdominal surgery patients were given 
general anesthesia, that the patients were older, and 
that these operations lasted longer. Type of anesthe- 
sia, age, and duration of surgery might be at least 
partly responsible for the differences observed. 

Finally, our patients with preexisting respiratory 
disease had Sao, levels that were not significantly 
different from those of patients without preexisting 
pulmonary disease, in spite of the fact that their mean 
age was higher. These results agree with other stud- 
ies that found the effects of preexisting pulmonary 
disease to be more evident several hours after the end 
of surgery and to last for several days. The effects of 
preexisting pulmonary disease on arterial desatura- 
tion later in the postoperative period are intensified 
by pain that results in inadequate ventilation and 
secretory retention (2,13). 

In summary, we found a mean Sao, of 90.7% when 
patients were breathing room air during the first 10 
min after arrival in the RR, with 43.8% of patients 
developing hypoxemia (Sao, < 90%). At 20 min and 
at 1 hr after arrival in the RR, Sao, while breathing 
room air increased to 92.4% and 93.2%, respectively, 
and hypoxemia developed in fewer patients (26.9% 
and 16.9%, respectively). When 35% O, was 
breathed, hypoxemia disappeared and the Sao, on 
arrival in the RR increased to 5.7% above the level 
seen when patients breathed room air. The main 
factors related to early postoperative hypoxemia were 
type of anesthetic and age. 
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Midazolam-Alfentanil Synergism for Anesthetic 


Induction in Patients 


H. R. Vinik, Mp, E. L. Bradley Jr, php, and I. Kissin, Mp, PhD 


VINIK HR, BRADLEY EL, JR, KISSIN I. 
Midazolam-alfentanil synergism for anesthetic induction in 
patients. Anesth Analg 1989;69:213-—7. 


The effect of midazolam on the induction dose-response 
curve for alfentanil was studied in nonpremedicated ASA 
physical status I or II patients. The response to the verbal 
command was used as an end point of anesthesia. Dose- 
response curves for midazolam, alfentanil, and their com- 
bination were determined with a probit procedure, and 
compared with algebraic (fractional) analysis of drug inter- 
action. Interaction between midazolam and alfentanil was 
found to be synergistic (supraadditive). The results suggest 


Several investigators (1,2) have reported enhancing 
the hypnotic effect of benzodiazepines with opioid 
drugs in patients undergoing surgery. An increase in 
the percent of patients anesthetized with alfentanil by 
the addition of diazepam also has been reported (3). 
Although benzodiazepine and opioid receptors are 
pharmacologically separate, these receptor systems 
may interact synergistically in the mediation of their 
effects (4). The finding that naloxone in a small dose 
(6 mg/kg) decreases the percent of patients rendered 
unconscious with diazepam agrees with this sugges- 
tion (5). The investigations with combined adminis- 
tration of benzodiazepines and opioids did not indi- 
cate whether the observed results reflect synergism 
or simple summation of the effects. The aim of the 
present study was to define the type of alfentanil- 
midazolam hypnotic interaction. These two agents 
were selected for the study because each has a rapid 
onset of action and a short elimination half-life in 
their respective group of pharmacologic agents (opi- 
oids and benzodiazepines) (6,7). As a result, alfenta- 
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that the use of this combination is advantageous not only 
because it helps to achieve different anesthetic goals with 
specific drugs (a benzodiazepine for unconsciousness and an 
opioid for blockade of the responses to noxious stimulation), 
but also because its components are complementary for 
unconsciousness. 


Key Words: ANESTHETICS, INTRAVENOUS— 
midazolam, alfentanil. ANALGESICS, ALFENTANIL. 
HYPNOTICS, BENZODIAZEPINES, midazolam. 
INTERACTIONS, prucs—benzodiazepines, 
opioids. INDUCTION, ANgEsTHESIA—midazolam, 
alfentanil. 


nil and midazolam have an important potential ad- 
vantage for combined use in anesthesia. 


Methods 


Ninety ASA physical status I or I adult female 
patients scheduled for various gynecologic surgeries 
participated in the study, which was approved by the 
Institutional Human Investigation Committee. The 
patients were 18 to 60 years of age, with a weight 
range 45 to 90 kg. Patients who had received benzo- 
diazepines or opioids within 1 month of the investi- 
gation were excluded from the study. None of the 
patients received any premedication. 

Patients were randomly assigned to one of three 
groups: midazolam, alfentanil, or midazolam- 
alfentanil. Each group consisted of 30 patients di- 
vided into six subgroups of 5 patients, each with 
predetermined doses of drugs in each subgroup. The 
abolition of the ability to open (move) eyes on com- 
mand was used as an end point of anesthesia. Ab- 
sence of the response to two consecutive voice com- 
mands was regarded as a positive response. The 
study was designed in a double-blind manner. 

The following predetermined doses of drugs were 
administered: in the midazolam group (mg/kg): 0.08, 
0.10, 0.13, 0.18, 0.26, 0.35; in the alfentanil group 
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(mg/kg): 0.06, 0.08, 0.10, 0.12, 0.14, 0.18. In the 
midazolam-alfentanil group, midazolam was used in 
a fixed dose of 0.07 mg/kg and the alfentanil dose 
varied. As a result, the following doses were used 
(mg/kg): 0.07 and 0.02, 0.07 and 0.025, 0.07 and 0.030, 
0.07 and 0.040, 0.07 and 0.050, 0.07 and 0.060 (mida- 
zolam and alfentanil, respectively). Doses of midazo- 
lam and alfentanil were expressed in terms of the salt. 
The dose ranges were selected on the basis of a 
preliminary study, the results of which are not in- 
cluded in the present report. 

All drugs were injected intravenously in an upper 
extremity over 10 s into a rapidly flowing intravenous 
infusion via the port nearest the intravenous catheter. 
In the midazolam-alfentanil group, midazolam was 
injected first, followed 1 min later by alfentanil. The 
end point (unconsciousness) was determined 3 min 
after the first injection. In the midazolam group, 1 
min after injection of midazolam, 10 ml of isotonic 
saline solution was injected, and 3 min after the first 
injection, the end point of anesthesia was checked. In 
the alfentanil group, isotonic saline solution was 
injected first, alfentanil was injected 1 min later, and 
the end point was determined 2 min after the injec- 
tion of alfentanil. After determining the response to 
verbal command, all patients received additional an- 
esthesia if needed to assure that anesthesia was 
adequate before starting the surgical procedure. 
Times between injections of drugs and determination 
of the end point were based on the times to peak 
effect for these agents: 3 min for midazolam (2) and 2 
min for alfentanil (8). With combined drug adminis- 
tration, both drugs were injected so that synchroni- 
zation of the peak effects would occur. These time 
intervals were selected on the basis of a preliminary 
study. No neuromuscular blocking agents were given 
before induction because there is an indication that 
they may reduce anesthetic requirement (9). 

The percent of patients unable to respond to the 
command was converted into probit values, and 
plotted against logarithmic values for the respective 
doses. Dose-response curves and EDs) values were 
determined with the use of probit analysis (10). To 
define the type of interaction between alfentanil and 
midazolam, an algebraic (fractional) method of drug 
interaction analysis (at EDs, level) was used (11). The 
algebraic analysis was based on the expression of 
doses of alfentanil and midazolam components of the 
combination (Ac and Mc) as fractions of the doses of 
these drugs that produce the same effect when given 
separately (Ac/As and Mc/Ms). The sum of these 
fractional doses, as expressed by the following equa- 
tion, indicates the type of interaction. It is equal to 1 
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Table 1. Characteristics of Patients 


LE 





Groups 
Midazolam- 
Variable Midazolam Alfentanil Alfentanil 
Age (yr) a4 a7 £9 31+ 4 
Weight (kg) 65 = 12 65 + 12 65 +9 
No. of patients (all female) 30 30 30 





Data are reported as mean = SD. 


with addition (summation), >1 in antagonism, and 
<1 in synergism (see example in Results). 


A statistical test for additivity was performed in 
the following way. The logarithm of the fractional 
dose of alfentanil (EDsj,Ac/ED;,As) was compared 
with the logarithm of the quantity: theoretical addi- 
tive ratio of 1 minus the fractional dose of midazolam 
(Mc/ED.)Ms, where Mc is a fixed dose) denoted by 
log (1-fM). The logarithm of the fractional dose of 
alfentanil (denoted by logfA) can be expressed as the 
difference of the logarithm of ED;)Ac (alfentanil dose 
when given in combination with midazolam) minus 
the logarithm of ED<9As (alfentanil dose when given 
separately). The standard error of this difference 
(denoted by SED) was computed from the standard 
errors of the corresponding logarithm of EDs9s, ob- 
tained from individual probit analyses with the use of 
a method of propagation of error (12). A t-test was 
then computed in the standard fashion as t = [log(fA) 
— log(1-fM)]/SED to provide a statistical test for addi- 
tivity. 


Results 


The study groups were comparable with respect to 
age and weight (Table 1). The midazolam dose- 
response curve for induction of anesthesia is pre- 
sented in Figure 1. The midazolam EDs9 value ob- 
tained from this curve was 0.21 mg/kg (95% 
confidence limits, 0.15-0.50 mg/kg). Figure 2 repre- 
sents the alfentanil dose-response curves for induc- 
tion of anesthesia with and without the addition of 
midazolam 0.07 mg/kg (one-third of the midazolam 
ED; value). The addition of midazolam markedly 
shifted the alfentanil dose-response curve to the left 
along the dose axis. The alfentanil ED;) value was 
0.134 mg/kg (range 0.110-0.193), which decreased to 
0.028 mg/kg (range 0.018-0.036) with the addition of 
midazolam. A comparison of the combined and sin- 
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Figure 1. Midazolam dose-response curve for induction of anes- 
thesia. The vertical axis shows the percent of patients (on a probit 
scalé) who did not open their eyes in response to the command. 
The horizontal axis represents doses of midazolam (on a log scale). 
Each dot represents a subgroup of five patients at the indicated 
dosage. A horizontal lirie at the ED, level indicates the 95% 
confidence limits. 


gle drug EDs, doses is presented in Table 2. In 
combination, the sum of the fractional doses was 
significantly lower than a single drug fractional dose 
(0.54 versus 1.0, P < 0.0001), indicating synergism. 
The ratio of a single drug fractional dose to a combined 
dose was 1.85. Thus, Table 2 indicates that approxi- 
mately one-fourth of the single drug ED.) dose for 
each of the two agents would be needed in combina- 
tion to induce anesthesia in 50% of the patients. 


Discussion 

The midazolam dose-response curve for induction of 
anesthesia (Fig. 1), which reflects the midazolam 
hypnotic effect, was very close to that reported early 
under similar conditions (13), both with regard to the 
position along the dose axis and the slope. As a 
result, midazolam EDs, values are very similar: 0.22 
mg/kg (present study) and 0.19 mg/kg (13). Midazo- 
lam EDs9 values reported elsewhere for the same end 
point also include 0.13 mg/kg (14) and 0.19 mg/kg (15) 
(cumulative doses). Wide differences in the induction 


doses of midazolam found by different authors are 
well known, and have been reviewed recently by 
Reves et al (6). 

The alfentanil ED, value of 0.134 mg/kg obtained 
in this study agrees with that reported elsewhere. In 
the study by McDonnell et al. (8), the EDs, value of 
alfentanil for loss of response to command was 0.092 
mg/kg (unpremedicated patients, 10-s injection of the 
agent). At the same time, Silbert et al. (16) found that 
alfentanil, even in a dose of 0.200 mg/kg, did not 
induce anesthesia (response to the voice command) 
in five of ten unpremedicated patients. The difference 
is probably due to a slow (90 s) rate of the drug 
injection. With premedication (diazepam 10 mg 
orally), the injection of 0.120 mg/kg of alfentanil (over 
10 s) induced anesthesia (response to command) in 13 
of 19 patients (~70%) (17). 

The algebraic (fractional) analysis of drug interac- 
tion used in the present study demonstrated a syn- 
ergistic midazolam-alfentanil interaction in relation to 
the hypnotic effect. Use of the ratio of single drug 
fractional dose to combined fractional dose provided 
the opportunity to measure the degree of alfentanil- 
midazolam hypnotic synergism (r>1), which reached 
an r = 1.85 level. Several investigators (1,2) have 
reported strengthening the hypnotic effect of benzo- 
diazepines with opioid drugs in patients undergoing 
surgery. An increase of the percent of alfentanil- 
induced anesthetic induction by diazepam also was 


216 ANESTH ANALG 
1989;69:213-7 


Table 2. Alfentanil-Midazolam Interaction 
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Equi-effective doses (EDs) 
Alfentanil component Midazolam component 
Fraction Dose Fraction Dose Sum of 
Groups of ED% (mg/kg) of EDsy (mg/kg) fractioral doses Ratiot 
Alfentanil 1.00 0.13 0.00 0.00 1 00 _ 
(0.11, 0.19) 
Midazolam 0.00 0.00 1.00 0.22 1 00 — 
(0.15, 0.50) 
Alfentanil and Midazolam 0.21 0.028 0.33 0.07* 0.54 1,85 
(0.018, 0.036) P < 9.0001 


*Dose was kept constant (see Methods); tRatio of single drug fractional dose to combined fractional dose. 


P = significance of deviation from additivity. 


95 


EFFECT. (% patients) 
B 


0.015 0.02 0.03 0.04 





DOSE OF ALFENTANIL (mg'kg-1) 


Sa (16). Halliday et al. (18) have reported that 
pretreatment with alfentanil (0.3 mg/patient) in- 
creased the percent of patients who had anesthesia 
induced with midazolam (0.3 mg/kg) from 60 to 90%. 
Taking into account the very small dose of alfentanil, 
the: effeċt of the combination suggests alfentanil- 
midazolam synergism. 

The study by Stella et al. (5) demonstrated that 
naloxone (6 ug/kg intravenously) decreased the per- 
cent of patients rendered unconscious by diazepam 
0.35 mg/kg (from 47 to 16%, P < 0.001) and, at the 
Same time, did not change the hypnotic effect of 
thiopental. These results suggest that a nonspecific 
analeptic effect of naloxone did not influence the 
outcome of the study. Several experimental studies 
have suggested that opioid receptors are involved in 


Figure 2. Alfentanil dose-response curves for induction of anes- 
thesia with and without the addition of midazolam. A + M = 
dose-response curve for alfentanil with the addition of 0.07 mg/kg 
of midazolam (a constant dose that equals one-third of the mida- 
zolam ED; value); A + S = dose response curve for alfentanil with 
the addition of isotonic saline solution insfead of midazolam. Each 
dot represents a subgroup of five patients at the indicated dosage 
(closed for A + M, open for A + 5). 


producing some of the behavioral effects of benzodi- 
azepines. For example, Billingsley and Kubena (19) 
reported that naloxone reversed the loss of the right- 
ing reflex induced by diazepam in mice without 
reversing the effects of either meprobamate or pen- 
tobarbital under similar conditions. In this and other 
studies (19-21) in rats, the anticonflict effect of diaz- 
epam was blocked by naloxone. Naloxone also 
blocked facilitation of lateral hypothalamic self- 


MIDAZOLAM-ALFENTANIL INTERACTION 


stimulation produced by chlordiazepoxide (22). Fur- 
thermore, diazepam induced rapid and pronounced 
changes in the enkephalin concentrations in specific 
areas of the brain in rats (23). This information 
indicates that opioid and benzodiazepine receptor 
systems may be complimentary in their hypnotic 
effect, which may explain the midazolam-alfentanil 
synergism demonstrated in our experiments. 
Opioid-benzodiazepine combinations usually are 
used to achieve different components of anesthesia 
(24-26) with specific agents: a benzodiazepine for 
hypnosis and an opioid for blockade of the responses 
to noxious stimulation. We have shown that with the 
alfentanil-midazolam combination, the interaction of 
these two agents for hypnotic effect is synergistic. 


We thank Roche Laboratories for providing support for this study. 
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Solubility of I-653, Sevoflurane, Isoflurane, and Halothane in 
Plastics and Rubber Composing a Conventional Anesthetic Circuit 


Alexander G. Targ, mp, Nobuhiko Yasuda, mp, and Edmond I. Eger II, mp 


TARG AG, YASUDA N, EGER EI, IL. Solubility of 1-653. 
sevoflurane, isoflurane and halothane in plastics and 
rubber composing a conventional anesthetic circuit. 
Anesth Analg 198;69:218~25. 


This study defines some characteristics of a standard anes- 
thetic circuit that may impede anesthetic induction and 
recovery with 1-653, sevoflurane, isoflurane, and halo- 
thane. Partition coefficients for anesthetic circuit compo- 
nents (masks, bellows, bags, airways, and circuit tubes) 
consistently ranked halothane > isoflurane > sevoflurane 
> 1-653, suggesting a reverse order of washin and washout 
rates for an anesthetic circuit constructed from similar 
components. Consistent with this prediction, the concen- 


I-653 is an inhaled anesthetic with a blood/gas parti- 
tion coefficient of 0.42 (1), which indicates that it can 
produce rapid induction of and recovery from anes- 
thesia. Rats anesthetized with I-653 recover more 
rapidly than those anesthetized with sevoflurane, 
isoflurane, or halothane (2). 

Because 1-653 is expensive to use, it likely would be 
applied in a low-flow or closed-circuit absorption 
system. Six factors govern the rate at which anesthe- 
sia can be induced with a low-flow system: the flow 
into the system; the volume of the system; the uptake 
of anesthetic by the patient; the concentration of 
anesthetic in the delivered gases; the extent to which 
circuit components absorb anesthetics; and the extent 
to which anesthetic is degraded by soda lime. Might 
absorption or degradation of 1-653 by circuit compo- 
nents hinder the development of an anesthetizing 
concentration? To examine this question, we studied 
the solubility of 1-653, isoflurane, halothane, and 
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trations of I-653 increased and decreased more rapidly than 
those of the other agents at any flow rate during washin 
(0.5, 1, or 2 Limin gas inflow rates) or washout (1, 3, or 5 
Limin) in a conventional anesthetic circuit. The rates of 
change in 1-653 concentration closely approximated the 
maximal possible theoretical rates. 

Our results suggest that absorption of 1-653 by circuit 
components or soda lime should not hinder induction of or 
recovery from anesthesia. 


Key Words: ANESTHETICS, voLatimE—halothane, 
1-653, isoflurane, sevoflurane. EQUIPMENT, 
ANESTHETIC CIRCUIT SYSTEM—closed, low flow. 
SOLUBILITY—partition coefficients. 


_ sevoflurane in plastics found in conventional anes- 


thetic circuit components, and the impact of flow 
rate, absorption, and degradation on the increase and 
decrease of [-653 relative to other volatile anesthetics 
in a conventional anesthetic circuit. 


Methods 


First, we compared the solubility of 1-653, sevoflu- 
rane, isoflurane, and halothane in anesthesia circuit 
components. In addition, we examined the washin 
and washout rates of these anesthetics delivered to a 
conventional anesthetic circuit system at various flow 
rates, 


Solubility of Anesthetics in Circuit Components 


We determined plastic/gas and rubber/gas partition 
coefficients of each circuit component with a modifi- 
cation of a method used previously (3). The density of 
a collection of thin pieces of each component was 
determined by adding a known mass of thin pieces of 
component to a 75-ml volumetric flask of known 
mass, filling the flask precisely to the 75-ml line with 
distilled water, and determining the combined mass. 


we 
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For determination of solubility, known masses of thin 
pieces of each component [Vital Signs (Totawa, NJ) 
mask plate and pad, Marquest (Englewood, CO) 
corrugated circuit tube and Y-piece, Ohmeda (Mad- 
ison, WI) ventilator bellows, Marquest (Englewood, 
CO) reservoir bag, Porges (Fairfield, NJ) nasal air- 
way, and Mallinckrodt (Argyle, NY) endotracheal 
tube] were placed in separate flasks of known volume 
(about 575 ml). We assigned three flasks to each 
component, and sealed each flask with a Teflon 
stopper (pierced with a needle) that had a one-way 
stopcock (for sampling) coated at its upper portion 
with a small amount of Teflon grease. The flask was 
then evacuated to allow a known volume (50.05 ml) 
of a mixture of I-653 (1.09%), sevoflurane (0.42%), 
isoflurane (0.39%), and halothane (0.49%) to be 
drawn into the flask. The pressure within the flask 
was equilibrated with ambient pressure by briefly 
opening the stopcock. 

Gas samples were withdrawn from the flask over 
1- to 63-day intervals to determine the amount of time 
required for the circuit components to approximate 
equilibrium with the anesthetics. A state of equilib- 
rium was assumed if there was no significant change 
(P < 0.05, Student’s two-tailed, paired t-test) in any 
successive partition coefficients when the time al- 
lowed for equilibration was doubled. Using a 30-ml 
glass syringe attached to a nylon stopcock, we in- 
jected 15 ml of room air into each flask. The gas in the 
flask was barbotaged by withdrawing and reinjecting 
15 ml 20 times, and the sample taken after the 20th 
injection. Each 15-ml sampling decreased the anes- 
thetic concentration by approximately 3%, a decrease 
that we compensated for in our calculation of the 
partition coefficient. 

Successive partition coefficients were calculated 
from the decreases in gas concentrations in samples 
taken from the flasks over a 9-week period. All 
samples were run in triplicate. The final partition 
coefficients were calculated from samples taken after 
6-9 weeks. 

Three control (dummy) flasks were prepared in a 
manner identical to the study flasks containing the 
circuit components. The gas concentrations in the 
dummy flasks were measured at the same sampling 
times as for the study flasks. With the passage of 
time, the concentration in the dummy flask decreased 
slightly because of the loss of anesthetic by leakage 
and absorption into the components of the flask (i.e., 
the Teflon stopper and grease). The decrease was 
more than could be accounted for by the dilution 
produced by sampling. The concentration in each 
experimental flask was corrected for loss as a result of 
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leakage and absorption by assuming a decay rate 
identical to that in the dummy flasks. 

Because disposable anesthetic circuits are exposed 
to anesthetics only for hours (rather than the period 
of days just described), we also determined the extent 
to which polyethylene circuit tubing and reservoir 
bags reach equilibrium with anesthetic gases during a 
60-min exposure {i.e., we determined the “effective” 
partition coefficients). Circuit tubing and bags were 
chosen because, apart from soda lime, they provide 
the largest surface area for gas exchange in a typical 
circuit. Partition coefficient determinations of fresh 
reservoir bags and corrugated circuit tubes were 
repeated as before, except that we used a 10-fold 
lower concentration of anesthetic gases and a larger 
sample loop for injection into the gas chromatograph. 
The bags were cut into 4-cm-wide strips across their 
short axis, and the tubing was slit lengthwise along 
opposite sides and then cut across the short axis to 
create 4-cm-long half-cylinders. Samples were drawn 
at 7.5, 15, 30, and 60 min. 

In at least one important respect, this test of the 
effective solubility did not mimic the clinical situa- 
tion. In the flasks, anesthetic gas diffuses into the 
components from both inner and outer surfaces. In a 
circuit, the anesthetic vapor enters the components 
only from the inner surface. Assuming that both 
surfaces have identical diffusion characteristics, the 
decline in concentration of anesthetic vapor in the 
flask does not significantly decrease diffusion rates, 
anesthetic concentrations decline linearly with in- 
creasing distance penetrated into rubber and plastic, 
and diffusion into one surface does not slow diffusion 
into the opposing one (i.e., anesthetic has penetrated 
<50% of thickness from each side), we estimated that 
single-surface diffusion would achieve the same 
amount of anesthetic uptake in twice the time. Be- 
cause anesthetic concentrations probably decline ex- 
ponentially with increasing depth of penetration and 
because 50% penetration may be exceeded, this ap- 
proach may underestimate the rate of equilibration. 
The progressive decrease in anesthetic concentration 
may have a similar effect. 

All samples in the solubility, washin, and washout 
studies were analyzed for anesthetic concentrations 
by gas chromatography. We used a Gow Mac model 
750 gas chromatograph equipped with a 30-m-long, 
fused silica, open tubular, capillary column (0.53-mm 
internal diameter) coated with a 5-y-thick layer of 
methylsilicone oil J&W Scientific (Folsom, CA) DB- 
1]. A nitrogen carrier stream of 6 ml/min was directed 
through the column, with a “make-up” flow of 
nitrogen of 40 ml/min delivered to the detector. A 
flame ionization detector at 200°C was supplied by 
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Table 1. Plastic/Gas Partition Coefficients after 6 to 9 Weeks’ Equilibration 


Plastic components 1-653 
¥-piece (polypropylene) 6.67 + 0.03 
Mask plate (polycarbonate) 13:2-8 23 
Circuit tube (polyethylene) 16.2 + 1.3 
Reservoir bag (latex rubber) 19:3. 3:0 
Bellows (black rubber) 10.4 + 1.0 
Nasal airway (latex rubber) 14.0 + 0.7 
Endotracheal tube (polyvinylchloride) 34.7 + 1.2 
Mask pad (polyvinylchloride) 51.7. 26 
Flask plug (Teflon) 19.4 + 2.2 
Stopcock grease (Teflon) 31.8 + 6.9 


Values are expressed as the mean + sp. 


hydrogen at 40 ml/min and by air at 280 ml/min. 
Samples were injected with a 0.05-ml gas sample 
loop, except for the short-term equilibration samples, 
which were injected with a 0.5-ml gas sample loop. 
The chromatograph was calibrated with secondary 
tank standards that had been calibrated with primary 
standards produced by injection of a liquid aliquot of 
anesthetic into a flask of known volume. 


Washin and Washout of Agents from an 
Anesthetic Circuit 


The four. anesthetics used in the studies of solubility 
were delivered to a standard anesthetic circuit at 
various flow rates to test the rate of washin and 
washout of each agent. The circuit was composed of 
three corrugated polyethylene tubes (Marquest), a 
polypropylene Y-piece and elbow (Marquest), a soda 
lime absorber including inspiratory and expiratory 
valves (Ohio Medical Products), fresh (15% water) 
soda lime (Dewey and Almy Sodasorb), a rubber 
bellows (Ohmeda) in a ventilator (Air-Shields Venti- 
meter ventilator), and a latex reservoir bag (Mar- 
quest) attached at the Y-piece elbow to simulate the 
patient’s lungs. The total volume of the system, as 
measured by water filling, was 9860 ml. 

We flushed the system with 100% oxygen at 3 
L/min for 36 h before use and before adding soda 
lime. We also tested the system for leaks by observirig 
a sustained volume in the system at flows =0.5 L/min 
during positive pressure ventilation. At these low 
flow. rates, we detected no anesthetic (<0.1 ppm for 
all agents studied) before the start of anesthetic 
administration. The ventilator was set at a tidal 
volume of 500 ml, administered 25 times/min to 
circulate the gas in the system. 

The flowmeter used to deliver anesthetic from a 
tank, which we had previously prepared, containing 
the four agents in 30% oxygen (balance nitrogen) was 
calibrated with a spirometer. An identical calibration 
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Sevoflurane Isoflurane Halothane 
7.68 + 0.05 10.6 + 0.3 19.1 + 0.3 
12.4 + 2.9 19.3 + 4.2 25.7 + 2.8 
31.2 +14 57.9 + 1.3 128 +1 
29.1 + 3.4 48.9 + 6.0 199 +5 
22.6 + 1.0 42.9 + 5.8 199 + 4 
28:1 12 43.9 + 10.9 215 + 6 
68.5 + 1.3 114 + 2 233 + 2 
1% +3 170 + 11 323 +3 
24.5 + 2.6 33.8 + 3.1 27.4 + 2.6 
59.6 + 7.1 89.9 + 8.4 168 + 8 


was applied to the flowmeter usec to deliver oxygen 
during the washout phase of the experiment. The 
flow rates for washin were 0.5, 1, and 2 L/min. Each 
washin continued for 60 min. The flow rates for 
washout were 1, 3, and 5 L/min. Each washout 
continued for 120 min. System samples were col- 
lected at 0.3, 1, 2, 3, 4, 5, 6, 8, 12, 20, 30, 40, 50, and 
60 min during washin and at similar times plus 80, 
100, and 120 min during washout. System samples 
were collected from the expiratory limb of the circuit, 
just distal to the expiratory valve. One test was done 
at each flow rate. During washin, inflow samples 
were collected at 4, 20, 40, and 60 min. 

The delivered concentration (inflow samples) for 
each washin study was determined by averaging the 
four measurements made during that study. The 
system concentrations during washin were divided 
by the delivered concentrations to demonstrate 
graphically (washin curve) the approach to equilibra- 
tion. The system concentrations during washout 
were divided by the concentration at the final sam- 
pling of washin (60 min) to demonstrate graphically 
(washout curve) the rate of anesthetic elimination 
from the circuit. 


Results 


In general, the order of the partition coefficients for 
the plastic and rubber components of the anesthetic 
circuit was halothane > isofluran2 > sevoflurane > 
1-653 (Table 1, Figure 1). This relationship among 
partition coefficients was consistent at all times from 
7.5 min to 9 weeks. These differences also held 
during the first hour of equilibration (in the two 
components tested) and at 6-9 weeks, except for the 
comparison of 1-653 and sevoflurane for the mask 
plate. The latex reservoir bags equilibrated faster than 
the polyethylene tubing. Assuming one-surface dif- 
fusion, our results suggest the bags will be two to 
three times closer to equilibration than the tubing will 
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Solubility of Anesthetics in Latex Reservoir Bags 
(assuming diffusion from only one side) 
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Figure 1. The “effective” rubber/gas partition coefficients for latex 
reservoir bags determined for times before equilibrium (the 
“effective” partition coefficient) increased with increasing duration 
of exposure and, in the course of an ordinary anesthetic, would be 
lower than the partition coefficients found at equilibrium. The 
ranking, however, is unchanged from that found with complete 
equilibration: halothane > isoflurane > sevoflurane > 1-653. Each 
point is the mean of three determinations, with error bars display- 
ing standard deviations. 


Rates of Equilibration of Anesthetics with Latex Reservoir 
Bags (assuming diffusion from only one side) 
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Figure 2. The rubber/gas partition coefficient for reservoir bags 
determined for times before equilibration (the “effective” partition 
coefficient) divided by the partition coefficient measured after 6 
weeks is consistently lowest for 1-653 over the period of an 
ordinary anesthetic. The order of the rates of equilibration is 1-653 
< sevoflurane < isoflurane < halothane. Data are from Table 1 and 
Figure 1. Each point is the mean of three determinations, with 
error bars displaying standard deviations (uncertainties in the 
6-week value were ignored). 


Partition Coefficient 
6-week Partition Coefficient 


be after 2 hr of anesthetic exposure. In experiments 
with latex reservoir bags (Figure 1) and polyethylene 
circuit tubing (data not shown), the partition coeffi- 
cients of I-653 were consistently lower than those of 
the other anesthetics. In the case of the latex reservoir 
bags, I-653 also consistently equilibrated more slowly 
than the other anesthetics (Figure 2). In the case of 
polyethylene tubing, however, we observed no con- 
sistent difference among anesthetic equilibration 
rates (data not shown). 
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Isoflurane (e « e) and I-653 (—) Washin 
at Inflows of 0.5, 1, and 2 L/min 
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Figure 3. Washin rates for I-653 into a standard anesthetic circuit 
lie close to the ideal anesthetic rates of washin at inflows (V) of 0.5, 
1, and 2 L/min, deviating most from ideal at lower flow rates and 
near complete washin. The 1-653 washin rate exceeded that of 
isoflurane at all inflows. Percent change was calculated from the 
equation: % change = 100 (inspired concentration)/(inflow concen- 
tration). Total volume of the system (Vs) was 9.86 L. Each graph 
represents the results of a single set of determinations. The lines 
labeled “ideal” are followed by ellipses and are given by the 
equation: 


% change = 100{1 — e79, 


where e = base of natural logarithms and t = time. 


The rate of 1-653 washin at all flows was greater 
than with isoflurane. The results for I-653 lay close to 
the line representing the behavior of a hypothetical 
ideal gas (i.e., one that is stable and insoluble in 
circuit components and mixes completely with the 
circuit gases as it enters the circuit) (Figure 3). As the 
circuit concentration approached the inflowing con- 
centration, our ability to define accurately the differ- 
ence between the two concentrations decreased (i.e., 
the “noise” in the two concentrations obscured the 
difference between the two concentrations). Conse- 
quently, percent changes greater than 97% are not 
presented. 

Until percent change exceeded 70%, washin rates 
were 1-653 > halothane > sevoflurane at all flows 
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Halothane (e « e), Sevoflurane ¢~-), and I-653 (—) 
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Figure 4. At any given inflow, the 1-653 washin rate exceeded that 
of sevoflurane or halothane. Sevoflurane washed in more slowly 
than ‘halothane or isoflurane until percent change surpassed 70%. 
During the final stages of washin, the sevoflurane washin rate 
eventually exceeded that of halothane at all flows and isoflurane at 
2 L/min. Percent change was calculated from the equation: % 
change = 100 (inspired concentration)/(inflow concentration). To- 
tal volume of the system was 9.86 L. Each graph represents the 
results of a single set of determinations. 


(Figure 4). Relative rates changed to I-653 > sevoflu- 
rane > halothane by 12 min for the 2 L/min flow, by 
50 min for the 1 L/min flow, and by 60 min for the 0.5 
L/min flow. Isoflurane washin was faster than halo- 
thane washin at all flow rates. Sevoflurane washin 
was slower than isoflurane washin at 0.5 and 1 L/min 
but more rapid at 2 L/min by 30 min. 

The rate of washout of 1-653 at all flows was greater 
than with isoflurane, with 1-653 lying close to the line 
representing the rate at which an ideal anesthetic 
would washout (Figure 5). Previous workers (4) dem- 
onstrated washout rates faster than would be pre- 
dicted for an ideal anesthetic based on their system’s 
estimated volume (which was not precisely mea- 
sured) and inflow rate. This discrepency may be 
explained by incomplete mixing, resulting from me- 
chanical circulation insuficient for the inflow rate. 
We ensured adequate mixing by increasing mechan- 
ical gas circulation by a factor of 2 and decreasing 
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Figure 5. The washout rates of 1-653 from a standard anesthetic 
circuit lie close to the ideal anesthetic rates of washout at inflows 
(V) of 1, 3, and 5 L/min, deviating most from. the ideal at lower flow 
rates and near complete washout. At any given inflow, the 1-653 
washout rate exceeded that of isoflurane. Percent change was 
calculated from the equation: % change = 130[1 — (inspired concen- 
tration)/(initial concentration)]. Total volume of the system (Vs) 
was 9.86 L. Each graph represents the results of a single set of 
determinations. The lines labeled “ideal” zre followed by ellipses 
and are given by the equation: 


% change = 100[1 — e~¥*)'], 


where e = base of natural logarithms and t = time. 


inflow by a factor of 2-20 as compared with those in 
the system in which this effect was reported. Until 
percent change exceeded 90%, washout rates were 
J-653 > halothane > sevoflurane at all flows (Figure 
6). This ranking changed to I-653 > sevoflurane > 
halothane by 8 min for the 5 L/min How, by 50 min for 
the 3 L/min flow, and by 80 min for the 1 L/min flow 
(Figure 6). Washout rates for isoflurane consistently 
exceeded those for halothane at all flow rates. Before 
90% change, sevoflurane washed out more slowly 
than isoflurane. Sevoflurane had a slower rate of 
washout than isoflurane for 15 min at the 5 L/min 
flow, for 40 min at the 3 L/min flow, and for 80 min at 
the 1 L/min flow. 
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Figure 6. At any given inflow, the 1-653 washout rate exceeded 
that of sevoflurane or halothane. Sevoflurane washed out more 
slowly than halothane and isoflurane until percent change ex- 
ceeded 90%. During the final stages of washout, the washout rate 
of sevoflurane eventually exceeded that of isoflurane and halo- 
thane. Percent change was calculated from the equation: % change 
= 100[1- (inspired concentration)/(initial concentration)]. Total vol- 
ume of the system was 9.86 L. Each graph represents the results of 
a single set of determinations. 


Discussion 


Our finding of a ranking of plastic/gas partition 
coefficients of halothane > isoflurane > sevoflurane 
> 1-653 is consistent with results from previous 
studies of anesthetic solubility in plastic (3,5,6), tis- 
sues (1,5,7-11), and other solvents (1,7,8,12,13). Al- 
though our qualitative findings do not differ from 
previous results for halothane or isoflurane (results 
have not been described for sevoflurane or I-653), the 
quantitative results differ. We found larger plastic/gas 
partition coefficients than reported by previous inves- 
tigators, probably because we allowed a longer time 
for equilibration. Even after allowing up to 147 days 
for equilibration, some of our samples failed to meet 
our definition of equilibrium. Previous studies have 
not recognized the need to allow for the small cumu- 
lative changes that occur over prolonged periods. 
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The slow approach to equilibrium that we ob- 
served has one other implication. The barrier to 
movement of anesthetic into and through plastics 
must be considerable. However, the barrier is not 
complete and, in the case of latex rubber, it may be 
overcome by halothane in 1-2 hr (Figure 2). This 
finding has an implication regarding contamination 
of operating room air with anesthetic vapors. Con- 
tamination by trans-rubber movement would be: 
halothane > isoflurane > sevoflurane > I-653. The 
magnitude of this source of contamination has been 
estimated based on studies of halothane diffusion 
through the walls of circuit tubing (14). The results 
suggest that in a well ventilated operating room 
equipped with a gas machine and ventilator, the 
amount of halothane contamination of operating 
room air attributable to diffusion through the circuit 
tubing walls is small compared with that from other 
sources. 

Because absorption is not complete in the course of 
an ordinary anesthetic, the partition coefficients 
given in Table 1 overestimate the effective absorptive 
capacity of the circuit components. A better estimate 
is given by the data portrayed in Figure 1 for latex 
reservoir bags and by data described in the text for 
corrugated polyethylene tubing, the two major ab- 
sorptive rubber and plastic components of an anes- 
thetic circuit. However, even incomplete equilibra- 
tion results in estimates of substantial absorption in 
the course of clinical anesthesia. It is this absorption 
that produces the hindrance to washin and washout 
portrayed in Figures 3-6. The approach to complete 
equilibration is more rapid with the latex reservoir 
bags than with the corrugated polyethylene tubing 
despite the similar wall thicknesses of 0.11 and 0.13 
mm, respectively (i.e., latex rubber is more perme- 
able to the anesthetic). This appears to be a function 
of the greater solubility of anesthetics in rubber. 
Similarly, we found that the rate of equilibration with 
components of low solubility (data not shown) was 
slower than the rate found with polyethylene. 

The partition coefficients of Teflon flask plugs 
(19.4-27.4) and Teflon stopcock grease (31.8-168) 
demonstrated that these items have a substantial, 
previously unrecognized capacity to absorb anes- 
thetic vapors. In our studies, we restricted the impact 
of absorption by these components on the calculated 
partition coefficients by minimizing the amount of 
Teflon grease and plastic exposed to the vapors and 
by making corrections obtained from the data from 
control flasks. In future studies, it might be advanta- 
geous to use materials composed of polypropylene or 
polycarbonate, which both have partition coefficients 
lower than that of Teflon. Not only were the partition 
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coefficients associated with polypropylene and poly- 
carbonate (and Teflon) low, but equilibration was also 
obtained slowly, giving still lower effective partition 
coefficients for short-term studies. Inorganic materi- 
als, such as glass and stainless steel, would create the 
least error. 

Assuming first-order kinetics and anesthetic loss 
only by diffusion into circuit components and system 
venting, we expected and found greater deviation 
from the ideal rate of washin, and washout at lower 
than at higher flows. Thus, the low solubility and 
uptake of 1-653 and sevoflurane are of considerable 
benefit to the clinical use of these agents because their 
high cost likely will dictate their use in low-flow 
systems. Conversely, the higher solubility of isoflu- 
rane and halothane is less of a problem because their 
lower cost permits the use of higher flow rates. 

Because partition coefficients influence both the 
rate and amount of absorption of anesthetic (15), ata 
given rate of inflow, the ranking of the rates of 
washin and washout from the anesthetic circuit 
should be 1-653 > sevoflurane > isoflurane > halo- 
thane. Although the 1-653, isoflurane, and halothane 
curves followed in this order, sevoflurane washed in 
and washed out more slowly than both isoflurane 
and halothane, diverging from these predictions until 
washin and washout were almost completed. Soda 
lime binds and degrades sevoflurane far more than it 
does 1-653, isoflurane, or halothane (16-18). Experi- 
ments conducted at 22°C suggest that for 1-653, 
sevoflurane, isoflurane, and halothane, the soda 
lime/vapor “partition coefficient” increases with de- 
creasing soda lime water content, approaching 0 for 
soda lime containing 10-15% water and, in the case of 
sevoflurane, reaching 42 for completely dried soda 
lime, a value at least threefold greater than that for 
any of the other anesthetics (Strum DP, personal 
communication). Thus, the slower than expected 
washin of sevoflurane may reflect reversible binding 
to soda lime combined with soda lime-mediated 
degradation. The slower washin and both slower and 
more rapid washout of sevoflurane compared with 
isoflurane are consistent with this hypothesis. During 
washin, less sevoflurane than isoflurane dissolved in 
circuit components other than soda lime, but soda 
lime both degraded and reversibly bound sufficient 
sevoflurane to retard its washin more than that of 
isoflurane. During early washout, release of sevoflu- 
rane bound to soda lime would slow sevoflurane 
washout, but during late washout, the soda lime 
degradation of sevoflurane may accelerate washout. 
Although the partition coefficients of anesthetic in 
soda lime are smaller than those for plastics and 
rubber, the large volume and surface area of soda 
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lime make it a potentially capacious and rapidly 
exchanging reservoir. 

The first 5 min of washout are most relevant to 
clinical practice because patients normally would be 
separated from the circuit after this time. At a 5-L/min 
flow rate, a flow typically used to initiate recovery 
from anesthesia, 1-653 demonstrated a 91.7% de- 
crease in concentration after 5 min of washout. Iso- 
flurane, which had the second most rapid washout 
rate, did not decrease to this concentration until an 
additional 1 min had elapsed. With halothane and 
sevoflurane, this level was reached after an additional 
8 and 13 min, respectively. 

The rapid washout of 1-653 means that anesthetic 
concentrations may be rapidly decreased to a low 
level with the use of high flows, and this decrease is 
substantially greater than that attained with other 
agents. As an example, after 2 hr of washout, the 
level of I-653 decreased ten times more than the level 
with isoflurane (Figure 5). 


We thank Winifred von Ehrenberg for edi-orial assistance. 
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Ether Does Not Antagonize Bronchoconstriction Caused by 
Acetylcholine, Histamine, or Phenylephrine 
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NEILL P, SLEIGH JW. Ether does not antagonize 
bronchoconstriction caused by acetylcholine, histamine, or 
phenylephrine. Anesth Analg 1989;69:226-8 


The effect of ether as a possible antagonist of mediator- 
effected bronchoconstriction was tested in eight anesthe- 
tized, paralyzed, and mechanically ventilated baboons. 


Ether administered intravenously had no effect on bronchoc- 
onstriction caused by acetylcholine, histamine, or phenyle- 
phrine administered by the same route, etther alone or in 
combination with propranolol. 


Key Words: ANESTHETICS, voLatrtLe—diethyl 
ether. LUNGS, BRONCHI. 





Ether was frequently used in the past, and may still 
be of value in the management of severe attacks of 
acute asthma (1). The mechanism of action of ether in 
asthma, however, has not been extensively studied 
(2). Present opinion holds that ether anesthesia 
causes bronchodilation through adrenal catechol- 
amine release, which in turn stimulates bronchial 
smooth muscle relaxation through #,-adrenergic 
stimulation. Nonspecific direct smooth-muscle relax- 
ation may also play a part (3). Evidence is conflicting 
as to whether ether antagonizes cholinergic-, hista- 
minic-, or a-adrenergic-induced bronchoconstriction 
(4-6). 

The aim of the present study was to clarify the 
effect of ether on mediator-induced bronchoconstric- 
tion. 


Methods 


After obtaining institutional approval, eight unpre- 
medicated baboons weighing between 10 and 16 kg 
were studied. Anesthesia was induced with intra- 
muscular pentobarbital (30 mg/kg). This agent was 


used because it is considered to have little effect on - 


bronchial tone (6). 
After insertion of an intravenous cannula, the 
baboons were paralyzed with 1.25 mg of alcuronium 
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intravenously, an oral endotracheal tube was passed, 
and the animals were ventilated with air using a sine 
wave ventilator (Palmer). The animals were kept in 
the supine position, with body temperature main- 
tained at 37°C throughout the procedure. A tidal 
volume of 15 ml/kg at a frequency of 18 breaths/min 
was used. An esophageal balloon was placed at the 
level of the nipple line and adjusted to minimize 
cardiac and esophageal artifacts. Transpulmonary 
pressure (Ptp) was measured by a differential pres- 
sure transducer (CRI model 320) placed between the 
esophagus and the proximal end of the endotracheal 
tube. Airflow (V) was measured with a pneumotach- 
ograph (Godart). The pressure and flow signals were 
recorded graphically (Kipp and Zonen Multicorder 
BD 20). Total pulmonary resistance was calculated by 
dividing Ptp by the maximal flow rate. The elastic 
component was, therefore, included in the measure- 
ment. i 

Baseline Ptp and V were recorded, after which 
bronchoconstriction was induced with acetylcholine 
(2 mg), histamine (20 ug), and phenylephrine (200 
pg) intravenously, each individually, allowing read- 
ings to return to the baseline value between each 
administration. On the basis of a pilot study, these 
doses were selected as sufficient to produce bron- 
choconstriction severe enough to probably represent 
maximal bronchoconstriction. Values for Ptp and V 
were recorded continuously throughout the experi- 
ment. 

After administering the bronchoconstricting 


agents and allowing return to baseline values, each 


baboon received an anesthetic dose of ether given 
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intravenously to remove the risk of explosion from 
the heated pneumotachograph head and to minimize 
irritant bronchoconstrictor reflexes resulting from in- 
haled ether. The anesthetic was administered as a 
20% solution in 10% soya bean emulsion (Intralipid); 
the minimum alveolar anesthetic concentration 
(MAC) of ether in baboons was assumed to be similar 
to that in human patients. Using the closed circuit 
anesthesia model of Lowe and Ernst (7), a rate of 
infusion was calculated to give approximately 1:3 
MAC for 13 min for a 10-kg animal. The technique 
involves a two-stage infusion with the induction dose 
of 15 ml intralipid (3 ml pure ether) given over 5 min, 
with the remaining 5 ml (1.2 ml ether) given over 8 
min. In a preliminary study, this dose of ether was 
shown to anesthetize a baboon in the weight range of 
the animals in the present study for the approximate 
duration needed for the study. 

Values for Ptp and V were recorded when the full 
amount of ether had been given. The infusion was 
maintained, and the same doses of acetylcholine, 
histamine, and phenylephrine were repeated, with 
Ptp and V being continuously recorded. 

After a period to allow ether to be eliminated, each 
baboon was given 0.25 mg of propranolol intrave- 
nously, and the entire experiment was repeated. All 
animals recovered fully at the end of the experiment. 
Changes in airways resistance were analyzed for 
statistical significance using paired Student's t-tests. 


Results 


Ether alone had no bronchoactive effect compared 
with baseline values. The average percent change in 
total pulmonary resistance after receiving the various 
combinations of drugs is shown in Figure 1. 

We were unable to demonstrate any effect of ether 
in diminishing bronchoconstriction caused by acetyl- 
choline, histamine, or phenylephrine. In addition, 
there was no significant difference in the effect of 
ether on bronchoconstriction in the presence of pro- 
pranolol as compared with that before the adminis- 
tration of propranolol. 


Discussion 

Previous studies of ether and bronchial contractility 
have reported conflicting results. Adriani and Roven- 
stine (6) studied changes in tracheal ring size mea- 
sured under a light microscope. They found that a 
low concentration of ether caused mild dilation, 
whereas higher concentrations caused constriction. 
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Figure 1. Histogram showing the mean percent increase (+5D) in 
pulmonary resistance caused by various combinations of drugs. 
= acetylcholine 2 mg; O = histamine 20 ug; M = phenylephrine 
0.2 mg. 
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The addition of ergotamine, an a-adrenergic agonist, 
and eserine, a cholinesterase inhibitor, had no influ- 
ence on the effect of ether. 

Fletcher et al. (5) measured tension in chains of 
guinea pig tracheal rings. They found that ether 
caused relaxation of the smooth muscle and flattened 
the dose-response curve of the tracheal rings to 
acetylcholine. These effects, however, occurred at 
levels of ether considered to be lethal in guinea pig 
and humans. 

The only in vivo study investigating ether was 
performed by Colgan (4), who measured dynamic 
compliance and airway resistance in spontaneously 
breathing dogs. In that study, there was no change 
from baseline measurements when ether was admin- 
istered by inhalation in concentrations sufficient to 
cause the electroencephalogram to reach level four 
anesthesia. Some attenuation in bronchoconstriction 
caused by a high dose of histamine was, however, 
observed. Criticism of that study was directed at the 
possible effects of a change in respiratory rate (and 
thus airflow rates) and functional residual capacity in 
spontaneously breathing animals (2). 

Previous studies, then, showed no pattern of 
change in tracheal or bronchial motor tone with ether 
alone, and possible interference with acetylcholine- 
and histamine-induced smooth muscle contraction. 

Our study demonstrated no reduction in broncho- 
motor tone at rest when ether was administered. This 
is in agreement with the findings of Colgan (4) and 
other in vivo studies using other general anesthetics 
(5,8). This may reflect a very low in vivo bronchomo- 
tor tone in the majority of experimental animals. The 
relaxation of the tissues in the in vitro experiments 


may reflect increased tone before the administration 
of ether, possibly as a result of handling during the 
preparation of the equipment. 

Our study was unable to detect any inhibition of 
the bronchoconstrictive effect of cholinergic, hista- 
minergic, and a-adrenergic agonists. Although there 
was wide variation in response to the bronchocon- 
strictor agonists in the present study, each animal 
acted as its own control and thereby minimized 
interindividual variation. As such, we feel that our 
results are significant. 

Ether has also been postulated to cause broncho- 
dilation by means of endogenous catecholamine re- 
lease. The administration of an adrenergic antagonist 
might be expected to block this effect. Propranolol 
alone did not cause bronchoconstriction and so, not 
surprisingly, it had no effect when administered with 
ether. After prior constriction with acetylcholine, 
histamine, and phenylephrine, there was similarly no 
change in the effect of ether after propranolol was 
added. It appears that catecholamine effects do not 
have an important role in the effect of ether. 

Our study was designed to minimize the irritant 
bronchoconstrictor reflexes by administering all 
agents by the intravenous route. It is possible that 
ether reaches higher concentrations in bronchial 
smooth muscle when inhaled than when given intra- 
venously. Therefore, a direct effect may account for 
the observed effect in asthma. Similarly, the intrave- 
nous dose may have been inadequate. However, as 
already mentioned, we were satisfied that this dose 
of ether produced surgical anesthesia of the expected 
duration. In preliminary studies, no bronchodilatory 
effect could be demonstrated using double or quad- 
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ruple doses of ether. This was in marked contrast to 
the obvious complete attenuation of bronchoconstric- 
tors when the animals were given intravenous atro- 
pine or phentolamine in clinically appropriate doses 
before the administration of acetylcholine or phenyl- 
ephrine (unpublished data). 

In conclusion, it would appear that despite clinical 
evidence of the efficacy of ether in the management of 
asthma, the mechanism of action by which ether 
produces bronchodilation remains unclear, but prob- 
ably does not involve specific receptor interaction. 
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Surgical patients often require temporary electrical 
pacing during their hospital course. Except for pa- 
tients undergoing cardiac surgery, this pacing is 
usually accomplished by emergent transvenous pace- 
maker placement in the internal jugular, subclavian, 
femoral, or antecubital veins. Significant complica- 
tions can arise from this procedure, particularly in 
hemodynamically unstable patients (1-3). 

Recent technological advances have led to the re- 
birth of noninvasive transcutaneous cardiac pacing 
(NTP). NTP is safe, effective, easy to use, well toler- 
ated by conscious patients, and produces hemody- 
namic responses similar to those produced by right 
ventricular (RV) endocardial pacing (4-7). It has 
proved efficacious for hemodynamically significant 
bradycardias (4) and now constitutes established sec- 
ond-line therapy after atropine for these arrhythmias 
(8). NTP may also be beneficial when used early 
during cardiopulmonary resuscitation (CPR) (4) or for 
overdrive pacing of tachyarrhythmias (9). Efficacy dur- 
ing general anesthesia (10) as well as perioperatively in 
cardiac surgery (11) has been well documented. Based 
on these facts, NTP is rapidly becoming the treatment 
of choice in clinical situations requiring emergency 
cardiac pacing. We review the history, pertinent elec- 
trophysiology and hemodynamics, and clinical uses of 
NTP, particularly in relation to the use of NTP in the 
perioperative period. 
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Historical Perspectives 


Zoll (12) first reported the use of NIP in 1952,. 
describing two successful resuscitations from ventric- 
ular standstill utilizing subcutaneous chest needle 
electrodes and low voltage monophasic DC current 
delivered over 2 ms. He went on to develop the first 
transcutaneous cardiac pacemaker consisting of an 
external DC pulse generator, 2-ms pulse duration, 
and 3-cm diameter metal paddles. Multiple successful 
resuscitations from Stokes-Adams attacks and ven- 
tricular standstill were subsequently reported with 
use of this technique (13-16). NTP, therefore, was the 
first widely accepted method of cardiac pacing. Dis- 
comfort, however, from cutaneous nerve stimulation, 
pectoralis muscle contraction, and local soft tissue | 
damage proved intolerable to many conscious pa- 
tients. In addition, rhythm recognition was obscured 
by the large pacing artifact, and pulses were difficult 
to palpate because of vigorous muscle contractions. 
With the development of transvenous pacing tech- 
niques in the early 1960s, NTP rapidly fell into 
disfavor. 

A dramatic resurgence of interest in NTP has been 
influenced by two major factors: the inadequacies of 
transvenous pacing during CPR and technological 
improvements in NTP. Transvenous pacemakers 
have limited utility in the setting of cardiac arrest, 
asystole, and CPR because the technique is time- 
consuming, requires more technical skill, and has a 
high complication rate with emergent use, even in 
skilled hands (1-3). Balloon-tipped, flow-directed 
pacing electrodes, in addition, tend to work poorly in 
hypotensive patients. Most importantly, transvenous 
pacing does not improve outcome after cardiac arrest 
(17,18). Technological advances over the last 30 years 
include: 1) large surface area electrodes for stimulus 
transmission; 2) low density, constant-current im- 
pulses; 3) high impedance, gelled conductive me- 
dium; and 4) pulse durations of up to 50 ms. Asa 


result of these developments, cutaneous nerve stim- 
ulation has been virtually eliminated and skeletal 
muscle contraction markedly diminished (19). Myo- 
cardial thresholds actually decrease under these con- 
ditions (20). A comparison of the strength-duration 
curves of skeletal and cardiac muscle explains this 
apparent discrepancy. Skeletal muscle is maximally 
activated by high intensity stimuli of short duration 
(<1 ms), whereas thresholds for cardiac muscle stim- 
ulation continue to decrease with pulse durations up 
to 40-50 ms. Thus, judicious chest electrode place- 
ment over areas of minimal muscle mass can achieve 
effective cardiac stimulation with little or no skeletal 
muscle activation. These same stimulation character- 
istics have minimized cutaneous nerve stimulation 
(previously intolerable over 15 ma with older models) 
by maintaining the current delivered per unit time 
per cm* skin below cutaneous nerve threshold. Inter- 
nal filtering has so reduced the stimulus and skeletal 
muscle artifact as to allow oscilloscope monitoring 
and recording. More recent models also incorporate 
mechanisms to sense depolarization or repolarization 
forces, thus permitting use in the demand (VVI) 
mode as well as asynchronously (VOO). Finally, 
advances in microcircuitry have also led to increased 
portability with currently available models weighing 
as little as 2.7 kg. 

Various NTP models are currently marketed in the 
United States, some of which also include defibrilla- 
tion units (Figure 1). Prices, sizes, and capabilities 
vary (Table 1). Models lacking sweep oscilloscope 
and/or defibrillator functions are compatible with 
commercially available units. Although it has been 
suggested that marked differences exist among com- 
peting NTP models with respect to patient comfort, 
ability to achieve electrical capture, and mean thresh- 
olds (21), no well controlled trials comparing the 
different devices have been published. 


Electrophysiology 


Further study has led to a more complete under- 
standing of the pertinent electrophysiology of NTP. 
Initial work in dogs by Vargese et al. (20) demon- 
strated a significant diminution in NTP threshold 
with pulse durations up to 50 ms (74 ma) compared 
with 2 ms (138 ma). Atrial and ventricular activation 
were found to be simultaneous (20). The latter 
finding has since been contested in human volun- 
teers, whose esophageal electrocardiograms (ECG) 
demonstrate ventricular activation with retrograde 
atrial conduction (22,23). Two recent investigations 
involving patients undergoing cardiac catheterization 
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have clearly confirmed right ventricular activation 
both electrophysiologically and hemodynamically. 
One study, using intracardiac ECG, demonstrated an 
RV apex—His bundle—RV basal septum activation 
sequence (9), whereas another recorded simulta- 
neous right and left heart hemodynamics and docu- 
mented that the RV pressure curve upstroke pre- 
ceded that of the left ventricle (24). Additional animal 
work has shown that the “pacing window” requiring 
the lowest threshold for capture with use of 10 ms 
pulse durations corresponds to the region of the 
apical impulse, with optimal electrode size appearing 
to be 5 cm* in diameter (25). Fak and Ngai (26) 
confirmed this result in humans, concluding that 
exact electrode placement is not crucial as long as the 
anterior (apical) electrode is negative. Polarity rever- 
sal in this study (that is, negative electrode posteri- 
orly, positive electrode anteriorly) resulted in only 1 
of 10 healthy volunteers being successfully paced. 
Geddes et al. (27) studied 50 human subjects, con- 
structing strength-duration curves for pacing and for 
pain. Their conclusions suggest that the optimal 
stimulus duration for pacing with minimal pain is 10 
ms (27). Thus, a 20-40-ms pulse duration delivered 
anterior to posterior across the heart affords maximal 
patient comfort while minimizing myocardial thresh- 
olds and skeletal muscle stimulation. Typical elec- 
trode position for maximal efficacy involves centering 
the anterior electrode along the left costal margin just 
to the left of the xiphoid process (fhus avoiding the 
bulk of the pectoralis major muscle), with posterior 
electrode placement at the inferior aspect of the left 
scapula between the scapula and the thoracic spinous 


processes (Figure 2). 


Hemodynamics 


Hemodynamically, NTP appears to be at least equiv- 
alent to RV endocardial pacing. While preliminary 
data in normal animals had suggested this result (20), 
further research has lent supporting evidence. Nie- 
mann and associates (28) initially compared NTP with 
RV endocardial pacing and tongue-to-epigastrium 
pacing in a closed-chest, chronic heart block canine 
model. Compared with control and RV endocardial 
pacing, NTP at similar heart rates resulted in im- 
proved mean arterial pressure and cardiac output, in 
part due to decreases in systemic vascular resistance, 
whereas arterial or mixed venous blood gas samples 
were unaffected (28). A more recent comparison by 
Syverud et al. (5) using a similar model demonstrated 
comparable, stable hemodynamics during the 60- 
minute study period. 
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Two-dimensional and M-mode echocardiography 
in healthy human volunteers has documented uni- 
form left ventricular contraction and unchanged frac- 
tional shortening with NTP compared with baseline 
sinus rhythm findings. No change in the movement 
of the interventricular septum was demonstrated, 
implying near-simultaneous contraction of both ven- 
tricles (29). This result is in contradistinction to RV 
endocardial pacing, where abnormal septal motion 
similar to left bundle-branch block (LBBB) is typically 
noted. Blood pressure in this study did not change 
despite the loss of coordinated atrial systole. 
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Figure 1. Examples of commercially 
available NTP units. A, Zoll NTP (ZMI 
Corporation, Cambridge, MA). B, 
LIFEPAK-8 (Physio-Control Corpora- 
tion, Redmond, WA). 


Although multiple clinical studies have reported 
equal increases in blood pressure when NTP and RV 
endocardial pacing are used sequentially (4,6), the 
first definitive hemodynamic data in humans were 
recently published by Feldman and associates (24). 
They studied NTP in 16 cardiac catheterization pa- 
tients with simultaneous right and left heart hemo- 
dynamic recording. After obtaining baseline mea- 
surements, NTP was applied at 90 beats/minute and 
gradually increased to 85% of age-predicted maximal 
heart rate for 5 minutes or until angina was precip- 
itated. A second set of data was then collected fol- 
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Table 1. NTP Model Comparisons 
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Built-in 
Oscillo- 
scope/ Built-in 
Pacing Strip Defibril- 
Manufacturer Model Modes Recorder lator 
Laerdal PaceAid VOO/VVI No/No No 
Manufacturing 
iS 
Corporation 
Physio-Control Quik-Pace VOO No/No No 
Corporation (VVI when used 
with cardiac 
monitor) 
LifePak 8 VOO/VVI Yes/Yes Yes 
ZMI NTP 1000 VOO/VVI Yes/Yes No 
Corporation PD 1200 VOO/VVI Yes/Yes Yes 


VOO = fixed rate; VVI = demand. 





Figure 2. Recommended NTP electrode position for proper use. 
A, Anterior Electrode. B, Posterior Electrode. 


lowed by abrupt termination of NTP, with final 
measurements obtained immediately after termina- 
tion of NTP. At maximal pacing, all 16 patients 
demonstrated increases in right atrial, pulmonary 
artery, and mean aortic pressures. Increased O, con- 


Approxi- 
mate 
Pulse Rate Refractory Battery 
Duration Range Milliamps Period Life Weight 
(ms) (beats/min) (range) (ms) (hr) (Ib) 
20 50/160 10-150 300 6 6 
20 40/170 0-200 200-340 2 9 
(rate- 
dependent) 
20 40/90 0-200 340 1 38 
40 30/180 0-140 100 2 18 
40 30/180 0-140 100 2 27 


sumption during NTP was compensated for by an 
increased arteriovenous O, difference, allowing car- 
diac index to remain unchanged. After NTP, how- 
ever, cardiac index increased sigrificantly, causing 
normalization of the arteriovenous O, difference. 
Systemic vascular resistance remzined unchanged. 
Angina was precipitated in 8 of 16 patients, all of 
whom developed significant elevations of left ventric- 
ular end-diastolic pressure consistent with post-NTP 
ischemia. This response was not seen in the eight 
asymptomatic patients. Thirteen patients were sub- 
sequently shown to have significant coronary artery 
disease, including all eight patients who experienced 
angina. Additional human data have been published 
by Trigano et al. (30), who demonstrated a significant 
decrease in left ventricular systolic pressure with NTP 
compared with sinus rhythm and AV sequential 
pacing, but no change compared with VVI pacing. 
However, systolic index increased significantly with 
NTP compared with VVI pacing, inferring some 
beneficial effect related to chest wall stimulation. This 
occurrence may in part explain the case reported by 
Murdock et al. (31) describing NTP-induced CPR. 
Their patient could not maintain an adequate blood 
pressure (63/41 mm Hg) and cardiac output (3.6 L/min) 
with RV endocardial pacing, but N-P at a similar rate 
caused marked chest and abdominal muscle stimula- 
tion as well as vastly improved hemodynamics (48% 
increase in mean arterial pressure, 19% increase in 
cardiac output). These findings were reproduced 
when RV endocardial pacing was delivered with si- 
multaneous abdominal compressions, leading the au- 
thors to speculate that mechanisms similar to “cough 
CPR” may be involved. Caution must be used, as with 
any ventricular pacing technique, in patients with 
reduced ventricular compliance. Dependence on atrial 
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systole for adequate ventricular filling predisposes 
such patients to hemodynamic instability during any 
type of ventricular pacing. 


Safety 


The excellent safety record of NTP is attested to by 
the absence of long-term complications or deaths in 
either animal or human studies. The initial work by 
Zoll et al. (32) in dogs with normal sinus rhythm, 
complete heart block, and anoxia sufficient to pro- 
duce multiple cardiac arrhythmias demonstrated that 
provocation of repetitive ventricular responses, ven- 
tricular tachycardia, and ventricular fibrillation (VF) 
required greater than 10 times the pacing threshold, a 
current exceeding the output of commercially avail- 
able devices. More recent animal work (33) has con- 
firmed this observation, showing that a stimulus of 
any given duration between 1 and 50 ms required at 
least 12 times the current necessary for pacing to 
produce VF. In an important histopathologic study, 
Syverud and colleagues (34) studied asynchronous 
use for 30 minutes in healthy dogs. No repetitive or 
sustained ventricular arrhythmias occurred in spite of 
multiple documented R-on-T phenomena. Serial 
ECGs and cardiac isoenzyme levels were normal with 
no animal developing clinical signs of cardiac dys- 
function. Sacrifice and pathologic examination at 72 
hr revealed minimal, insignificant cardiac lesions 
with no abnormalities of skin, skeletal muscle, or 
lungs (34). A similar study (29) in healthy human 
volunteers has documented no significant changes in 
serum levels of myoglobin, total creatinine phospho- 
kinase, creatinine phosphokinase MB fraction, or 
lactate dehydrogenase. Falk et al. (6) subsequently 
described NTP to be safe, effective, and well-tolerated 
in humans. Thresholds averaged around 55 ma, with 
higher thresholds being necessary for patients with 
hemodynamically significant bradycardias (78 ma). 
No arrhythmias were noted. 

Although subsequent resuscitation studies (35) 
have reported ventricular arrhythmias on rare occa- 
sions, larger clinical trials have not borne this out 
even in populations at high risk (4,24). The only 
reported case directly implicating NTP in inducing 
arrhythmias involved a 3-year-old boy with en- 
docarditis and aortic root abscesses. Sudden develop- 
ment of complete heart block and cardiovascular 
collapse prompted a trial of NTP. Three consecutive 
NTP attempts resulted in ventricular tachycardia due 
to vulnerable period stimulation, with immediate 
reversion to complete heart block on cessation of 
NTP. Emergency thoracotomy subsequently revealed 
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rupture of the aortic root into the pericardium and left 
pleural space; the patient died intraoperatively (36). 
Local skin irritation and erythema can develop 
under the pacing electrodes in a small number of 
patients, but to our knowledge, no one has reported 
significant skin injury related to NTP use in humans. 
Similarly, no reports of electrical shock to patients or 
medical personnel appear in the literature, even 
when NTP is used concomitantly with CPR outside 
the hospital, that is, pre-hospital or in the emergency 
department (see clinical studies section). 


Clinical Studies 


Clinical enthusiasm for NTP has been generated 
mainly by those interested in bradyasystolic cardiac 
arrest and CPR. Although many case reports describe 
successful resuscitation utilizing NTP (37-42), most of 
these involve patients not yet in full cardiac arrest. 
Larger, more controlled clinical series have invariably 
yielded disappointing results (Table 2). Extensive pre- 
hospital trials have documented few long-term survi- 
vors regardless of whether NTP was used before, 
during, or after standard advanced cardiac life support 
(ACLS) interventions (43-47). When compared with 
ACLS in this setting, no appreciable improvement in 
resuscitation rates or outcome can be demonstrated 
(48,49). Similar results were shown with initial emer- 
gency department use of NTP (35,50-52), as well as its 
use for in-hospital cardiac arrests (53-55). Of note in 
most of these studies was the significant period of 
established cardiac arrest before NTP use (often 
greater than 15-20 minutes). The study by Clinton et 
al. (52) of 37 critical emergency department patients 
typified this early experience. Eight of their patients 
were successfully paced with six ultimately being 
discharged from the hospital. Five of these six survi- 
vors had presented in complete heart block or with 
hemodynamically significant bradycardia. The other 
survivor had a brief episode of asystole. Of the 29 
patients who did not respond to pacing and received 
only ACLS, 5 survived to discharge. 

More recent investigations, however, suggest that 
NTP may have a beneficial effect if used early enough 
after cardiac arrest. Barthell et al. (49) randomized 239 
pre-hospital arrest victims on alternate days into 
ACLS only or ACLS plus NTP. Improved resuscita- 
tion rates were shown in patients paced earliest, with 
all surviving paced patients receiving NTP within 17 
minutes or less. However, no significant differences 
were found between overall resuscitation rates 
(20.6% versus 21.4%, respectively) or survival (6.8% 
versus 4.4%, respectively). No patients in either 
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Table 2. Summary of NTP Use During Bradyasystolic Cardiac Arrest 


No. of No. with No. 
Patients Successful No. with Surviving 
Undergoing NTP ECG Palpable to 
Authors Setting NTP Capture Pulses Discharge 
1) Paris et al.*° Pre-hospital 112 55/105 (52%) 9/112 (8%) 0/112 (0%) 
2) Falk et al.** 20 8/20 (40%) 2/20 (10%) 1/20 (5%) 
3) Eitel et al.*° 9] 85/91 (93%) 10/91 (11%) 0/91 (0%) 
4) Feldman et al.*° 6 3/6 (50%) 3/6 (50%) 0/6 (0%) 
5) Barthell et al.*” 103 Not stated 22/103 (21%) 7/103 (6.8%) 
6) Hedges et al.** 101 Not stated 20/101 (20%) 6/101 (6%) 
7) Dalsey et al.” 52 26/52 (50%) 8/52 (15%) 0/52 (0%) 
8) Jaggarao et al.*” 24 Not stated 2/24 (8%) 1/24 (4%) 
9) White et al.® Emergency Department 20 2/20 (10%) 0/20 (0%) 0/20 (0%) 
10) Olson et al.”? 12 4/12 (33%) 1/12 (8%) 0/12 (0%) 
11) Clinton et al.°? ay Not stated 8/37 (22%) 6/37 (16%) 
12) Syverud et al.” 19 14/19 (74%) 9/19 (47%) 2/19 (10%) 
13) Knowlton et al.*° Emergency Department/ 26 12/26 (46%) 2/26 (8%) 0/26 (0%) 
In-patients 
14) Noe et al.” 24 Data inadequate 3/24 (12.5%) Not stated 
15) Jansen et al.” Intensive Care Unit 19 Not stated 3/19 (16%) Not stated 


group survived when palpable pulses were absent 
after 20 minutes of resuscitative efforts. NTP’s effec- 
tiveness in the emergency stabilization of bradycardia 
and/or asystole during acute myocardial infarction 
was similarly documented by Worley and Bride (56). 
All 18 patients in their study demonstrated electrical 
capture with 13 being successfully resuscitated. A 
major limitation of this investigation was that no 
outcome parameters were reported. In probably the 
best clinical trial to date, Zoll and colleagues (4) 
studied 134 patients in a multi-center effort. Four 
patient categories were defined: 1) an emergency 
arrest group (60 patients); 2) an expected arrest group 
in which the likelihood existed of imminent asystole, 
bradycardia, or tachycardia (26 patients); 3) a standby 
group in which NTP was tested and kept in emer- 
gency readiness, but never needed in treatment (40 
patients); and 4) tachycardia group in which stimula- 
tion was applied to terminate or provoke tachyar- 
rhythmias. The two arrest categories were then sub- 
divided into “brief” (less than 5 minutes) and 
“prolonged” (greater than 5 minutes). Of the 86 
subjects constituting both arrest categories, 43 were 
successfully resuscitated with use of NTP (35 “brief” 
arrest victims compared with 8 “prolonged” individ- 
uals). Thirty-four of the 40 “brief” patients survived 
to discharge as opposed to only 4 of 46 “prolonged” 
patients. A smaller, more recent study by Syverud et 
al. (57) supports this data, demonstrating that two of 
five victims who underwent NTP within 5 minutes of 
cardiac arrest sustained full neurologic recovery. The 
14 remaining patients had NTP applied between 5 
and 20 minutes from the onset of resuscitation, and 
none regained complete neurologic function (57). 


Thirty-four of the 40 patients in Zoll’s standby cat- 
egory avoided transvenous endocardial electrode 
placement for periods up to 1 month, and only 24 of 
the total patient population of 134 ultimately required 
this modality. 

However, Knowlton and Falk’s study (53) of in- 
hospital cardiac arrests did not support these more 
optimistic findings. NTP was used in 26 of 58 cardiac 
arrests, with approximately 75% of the pacing efforts 
initiated within 5 minutes from the onset of cardiores- 
piratory collapse. Although 12 of these 26 patients 
demonstrated electrical capture, only 2 had palpable 
pulses related to NTP and neither survived. Of the 
remaining 32 arrests in which NTP was not utilized 
(that is, those receiving only standard ACLS), 17 (53%) 
were successfully resuscitated. However, 13 of the 23 
bradyasystolic events in the non-paced group rapidly 
responded to ventilatory support and medications, 
whereas NTP was initiated only in those patients who 
did not respond to initial ACLS interventions. 
Whereas their overall survival rate was 34%, it was 
only 6% (1/17) with either therapy when bradyasys- 
tolic arrest occurred due to severe metabolic derange- 
ments. 

A second major clinical application of NTP in- 
volves its use for overdrive suppression of tachyar- 
rhythmias. Although multiple case reports attest 
to NTP’s effectiveness in ablating supraventricular 
(58,59) and ventricular (58-62) tachycardias as well as 
runaway pacemaker rhythms (63), only recently have 
Luck et al. (9) confirmed the efficacy of NTP burst 
suppression pacing. They compared conventional RV 
endocardial burst suppression pacing with NTP burst 
suppression, modifying their NTP unit to allow for 
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tracking of stimuli from a standard programmable 
stimulator. In addition, the upper rate limit of their 
NTP was increased by reducing the refractory period 
of the device. They subsequently studied 14 patients 
electrophysiologically, inducing ventricular tachycar- 
dia by programmed right ventricular extrastimula- 
tion. Sixteen episodes of hemodynamically stable 
ventricular tachycardia reproducibly terminated by 
endocardial burst pacing were then subjected to NTP 
burst pacing. Fourteen of the sixteen episodes (88%) 
were ablated with NTP, requiring from 5 to 20 NTP 
captures for termination. NTP baseline thresholds 
were significantly lower than NTP burst suppression 
thresholds (76 ma versus 107 ma, respectively). 

Many other clinical uses of NTP have been re- 
ported. These include: 1) antiarrhythmic drug toxicity 
(4,29,64); 2) post-countershock (4) and _ post-car- 
dioversion (4,65) bradyarrhythmias; 3) hyperkalemia 
(4,29,52); 4) permanent pacemaker failure, infection, 
or during generator replacement (4,40); 5) cardiac 
catheterization and angiography (4,24,42); 6) acutely 
(41,56) and prophylactically (4,56) in the setting of 
acute myocardial infarction; 7) treatment of accentu- 
ated vagal states (4,66); and 8) prophylactic use during 
pulmonary artery catheterization in patients with left 
bundle-branch block (67). NTP has also been success- 
fully adapted to infants and children with threshold 
and safety results similar to those of adults (68). 


NTP and Anesthesia 


Because many of the described situations can arise in 
the operating room, NTP may benefit surgical pa- 
tients as well. Interestingly, there has been little 
evaluation of NTP under anesthetic conditions. Al- 
though eight patients in the multicenter study of Zoll 
et al. (4) were receiving anesthesia, no specific details 
of any of these procedures were reported. The study 
by Berliner et al. (10) comprises the first completed 
evaluation of NTP in adults in the operative setting. 
Twenty-one male patients undergoing elective gen- 
eral anesthesia were studied with use of an older NTP 
model generating 10-20 ms pulse durations. Al- 
though all patients demonstrated successful capture, 
half required the maximal unit output (200 ma). 
Neither evidence of organic heart disease, as indi- 
cated by history and/or preoperative ECG, nor total 
body surface area were predictive of threshold re- 
quirements. No complications were observed. This 
study failed, however, to document and standardize 
anesthetic technique or physiologic variables (pH, 
Pco,, Po), body temperature, serum potassium) 
known to affect cardiac pacing thresholds (69). Kelly 
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Figure 3. NTP thresholds during the operative course of cardiac 
surgical patients (reproduced with permission from Anesthesiology 
1989, Vol. 70). 


and colleagues (11) confirmed the findings of Berliner 
et al. (10) in cardiac surgical patients undergoing 
cardiopulmonary bypass. Furthermore, they mea- 
sured multiple physiologic parameters that they cor- 
related with NTP thresholds. The results demon- 
strate that NTP can be an effective alternative in this 
patient population. While NTP baseline ma were 
similar to those of healthy volunteers in Falk’s initial 
work (6), NTP thresholds after chest wall closure 
were significantly elevated and approached the max- 
imal unit output (140 ma) in some. A gradual return 
toward preoperative NTP thresholds was observed in 
the immediate postoperative period (Figure 3). In- 
creases in cardiac output and core temperature were 
the only measured variables related to significant 
increases in current thresholds, with increasing age 
and pump time being of borderline significance. No 
complications were observed, in contrast to the small 
but real risks associated with epicardial pacemakers 
(especially with prolonged use) (70,71) and emergent 
transvenous pacemaker placement (1-3). The initial 
work in children by Beland et al. (68) involved 22 
patients undergoing elective cardiac surgical proce- 
dures, with pacing trials in 21 of these occurring after 
induction of general anesthesia and neuromuscular 
blockade. No further details of their anesthetic man- 
agement were reported. Despite a wide range of ages 
in their study population (11 months to 18 years), 
current output requirements for capture did not cor- 
relate with age, weight, body surface area, chest 
circumference, anteroposterior chest diameter, or ar- 
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terial PO,, Pco,, or pH. Thresholds averaged be- 
tween 51 and 63 ma, depending on the size of the 
transmitting electrodes utilized (68). 

Previous investigators have evaluated the need for 
cardiac pacing in the setting of cardiac surgery. 
Vitello-Cicciu and associates (72) studied 100 consec- 
utive adult patients undergoing coronary revascular- 
ization and showed that almost half required tempo- 
rary epicardial pacing postoperatively, the majority 
during the first 48 hr. Age, previous myocardial 
infarction, and preoperative use of diuretics were 
significantly associated with the need for pacing in 
this study. In comparison, in a larger series of nearly 
6,000 cardiac operations only 2.1% required perma- 
nent cardiac pacing postoperatively, the majority 
within 30 days of surgery. Eighty percent of the 
patients ultimately paced underwent primarily valvu- 
lar surgery, with tricuspid valve procedures being 
most likely to require this modality. Other important 
variables demonstrated included preoperative con- 
duction disturbances, advanced age, a densely calci- 
fied aortic annulus, and poor myocardial preserva- 
tion (73). 

Common operative scenarios in which NTP could 
prove useful include patients with transvenous pace- 
makers presenting for operation or pacemaker- 
related procedures. Intraoperative transvenous pace- 
maker malfunction is a rare, but well-described 
phenomenon and may be due to such events as 
electrocautery reprogramming (74), positive pressure 
ventilation (75), and sepsis with RV perforation (76). 
Nitrous oxide entrapment within the pacemaker 
generator pocket leading to interruption of anodal 
contact and pacemaker dysfunction has also been 
reported (77). Interestingly, the rate of false inhibition 
of permanent pacemakers due to extracorporeal 
shock wave lithotripsy appears minimal as long as 
the shock waves are delivered synchronously with 
the QRS complex (78). Availability of the specific 
pacemaker’s programming unit in the operating 
room as well as efforts to minimize electrosurgical 
and monitoring interference with the pacemaker cir- 
cuit decrease the potential for morbidity and mortal- 
ity. NTP application in a standby demand mode adds 
significantly to patient safety in this circumstance, 
and its use for overdrive suppression of runaway 
pacemakers (63), bradycardia due to generator failure 
(4,40), and during pacemaker procedures (4) have all 
been reported. Similar prophylactic use of NTP dur- 
ing cardioversion for atrial tachyarrhythmias (4,65) 
and passage of pulmonary artery catheters in patients 
with left bundle-branch block (LBBB) (67) appears 
appropriate. Whereas the risk of complete heart block 
in the latter circumstance is minimal for patients with 
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old or indeterminate-age LBBB (79), previous records 
are often unavailable or incomplete. NTP standby use 
in this case would add no additional risk, minimal 
cost, and superior safety. 

Two other situations warrant consideration for 
NTP use by the anesthesiologist. The first involves 
acute inferior myocardial infarctions with conduction 
disturbances and suspected RV involvement. Pro- 
phylactic transvenous pacing in this instance is sel- 
dom indicated due to the temporary (that is, isch- 
emic) nature of the conduction delay. When it does 
become necessary, however, a high incidence of 
ventricular fibrillation has been reported (80). There 
has been, in addition, one case reporting failure of RV 
endocardial pacing in acute RV infarction where NTP 
was subsequently used successfully (41). The ability 
of NTP to activate larger surface areas of both ventri- 
cles may partially explain this case. Because patients 
with acute inferior myocardial infarction may present 
for emergency procedures, the advantages of NTP in 
this setting are attractive. Another special circum- 
stance is post-countershock pulseless rhythms. De- 
fibrillation has been known occasionally to cause 
pre-existing endocardial pacemakers to fail (81). De- 
fibrillation also results in asystole or pulseless 
rhythms more than 50% of the time. Animal studies 
(82) show immediate RV endocardial pacing by itself 
to be of no benefit compared with CPR and epineph- 
rine for this problem. NTP’s larger surface area for 
stimulus transmission may again have some theoret- 
ical advantages for this disorder. 


Conclusion 


NTP represents an effective alternative for the tem- 
porary management of hemodynamically significant 
bradyarrhythmias in the operating room. Along with 
atropine, it forms the cornerstone for current ACLS 
management of bradycardia, with current data sug- 
gesting NTP to be of value when used early in 
witnessed bradyasystolic cardiac arrest. Efficacy in 
patients undergoing general anesthesia and after 
cardiac surgery has now been clearly demonstrated. 
NTP’s superior safety compared with other emergent 
pacing alternatives and its ease of use by medical and 
paramedical personnel make it the emergency pace- 
maker of choice for acute stabilization of patients who 
require pacing. Further, more definitive treatment of 
the underlying disturbance after initial use of NTP 
can subsequently be undertaken in a more controlled 
environment. In addition, NTP may prove efficacious 
for prophylactic use in patients with pre-existing 
pacemakers and patients with LBBB undergoing cen- 


tral hemodynamic monitoring. Lastly, NTP may oc- 
casionally be useful for elective overdrive suppres- 
sion of hemodynamically stable tachyarrhythmias. 


We thank Robin Moore for technical assistance and Faith McLellan 
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Autotransfusor Removal of Fentanyl from Blood 


Leland H. Hanowell, mp, John H. Eisele JR, mp, and Evangeline V. Erskine, Bs 
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ANALGESICS—fentanyl. 


The removal of narcotics from blood processed by 
commercially available autoinfusion devices, though 
not previously investigated, would be anticipated 
given the removal of significant quantities of serum 
during cell processing. Therefore, we attempted to 
determine if significant quantities of the narcotic 
fentanyl are removed from intraoperatively harvested 
blood during saline washing of red cells before autol- 
ogous transfusion. 


Methods 


Six patients gave informed consent for this project, 
which was approved by the Institutional Human 
Studies Committee. The autotransfusion device (Au- 
totrans BT 795, Dideco, Englewood, CO) was used in 
a conventional manner to salvage blood for reinfu- 
sion from the surgical field during operation on the 
spine. Heparinized saline solution was infused 
through the distal tip of the suction cannula in the 
surgical field to ensure anticoagulation of harvested 
blood, which was collected in a cardiotomy reservoir. 
A standard 1000 mL normal saline solution wash was 
used to process cells during centrifugal separation, 
yielding approximately 225 mL of packed red blood 
cells for reinfusion. The serum, heparinized saline, 
and normal saline separated from the cells were 
collected in a container for subsequent radioimmuno- 
assay. Red cells retained in the centrifuged bowl of 
the cell saver were transferred to blood infusion bags 
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without preservative. As observed in Figure 1, sam- 
ples were collected from the reservoir and the dis- 
carded wash container. Hematocrit was measured by 
capillary tube centrifugation. Samples for fentanyl 
radioimmunoassay were centrifuged, and the super- 
natant was stored at 4°C. Patients 1 to 4 received 
fentanyl to supplement inhalational anesthesia. 
Blood collected from Patients 5 and 6 was studied by 
injecting the reservoir with fentanyl to yield the 
fentanyl concentrations shown in Table 1. . 

To evaluate the influence of the autotransfusor 
itself on fentanyl, a saline test preparation without 
blood was used to measure the fentanyl removed by 
the autoinfusion device. Saline solution (700 mL) was 
substituted for blood, and a known quantity of fent- 
anyi (10 ug) was added to the reservoir bowl, fol- 
lowed by standard processing with a 1000-mL saline 
wash, as used for the patient collections. The saline in 
the reservoir was thus processed in the same way as 
blood from patient collections. 

Radioimmunoassay of fentanyl concentrations 
(RIA, Janssen Pharmaceuticals, Piscataway, NJ) was 
performed using a Beckman scintillation counter. 
Standard curves were prepared with concentrations 
of serum, saline, and heparin in proportions equiva- 
lent to those of the specimen collection site. Removal 
of fentanyl from the reservoir for human subjects and 
saline trials were determined by expressing the 
amount of fentanyl collected in the wash container 
(mL collected multiplied by fentanyl concentration) 
as a percentage of the fentanyl in the reservoir (mL 
reservoir volume multiplied by fentanyl concentra- 
tion). 


Results 


Table 1 shows the volume and hematocrit values of 
blood harvested from the surgical field. Fentanyl 
concentrations are given for samples from the reser- 
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Figure 1. The autoinfusion system is diagrammed to show the 
sampling sites. Sample A is blood from the reservoir, and sample 
B is serum and saline collected during cell washing. 


Table 1. Cell-Saver data: Human Subjects 








Volume HCT Fentanyl (ng/mL) 
Pt# Reservoir Reservoir Wash 
1 525 14 18.8 5:95 
2 700 22 16.0 4.35 
3 575 14 12.1 2.39 
4 800 22 47.8 25.8 
5 900 14 41.8 14.0 
6 1000 12 63.0 26.0 





Fentanyl concentrations of the reservoir and discarded wash were 
measured by radioimmunoassay. 


voir and the wash. Approximately equal partitioning 
of fentanyl between serum and red cells was assumed 
(1). An average (+sp) of 74 + 21% of the fentanyl in 
the reservoir was removed during processing of har- 
vested blood for reinfusion. Fentanyl concentrations 
measured during the saline trials, including those of 
saline “harvested” in the reinfusion bags (Figure 1) 
are presented in Table 2. An average of 78% of the 
amount of fentanyl present was removed from the 
saline preparations. Table 3 summarizes mean values 
for data from the human subjects and saline trials. 


Discussion 


Increased interest in autologous blood transfusion 
has resulted in increased utilization of the Autotrans 


Table 2. Cell Saver Data: Saline Preparations 





Volume (mL) Fentany! Concentration (ng/mL) 





Trial # Reservoir Reservoir Wash _ Reinfusion Bag 
l 700 12.9 5.19 1.81 
2 700 TL7 4.35 1.68 





Fentanyl concentrations were measured in the saline preparations. Note 
that fluid collected in the reinfusion bags had a low fentanyl concentration. 


Table 3. Mean Values for Data Obtained from the Study 
of Intraoperatively Salvaged Blood and Subsequent 
Saline Preparations 








Samples 
Mean Values + sD (n) 
Reservoir hematocrit 154 6 
Reservoir volume 743 + 147 6 
% fent removed (blood) ja Z 6 
% fent removed (saline) 78 2 
Hematocrit reinfused 35 2 15 6 





BT 795 autotransfusion device used in this study and 
similar devices. Autologous blood infusion requires 
either prior collection and storage of blood or proc- 
essing of blood harvested from the surgical field for 
reinfusion. Previous studies described the quality of 
the product processed by conventional autoinfusion 
devices. Advantages of cell-saving in this fashion 
include the absence of citrate in the blood given to 
replace blood lost, thus avoiding potential hypocal- 
cemia during rapid or extensive transfusion. Addi- 
tionally, McShane et al. (2) noted that the level of 
2,3-diphosphoglycerate was higher in autologous 
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blood processed by the autoinfusor than that of bank 
blood. They also noted an alkalotic pH in the rein- 
fused blood, whereas bank blood has an acid pH. 

Mendel et al. (3) described what they believed was 
a lack of hematologic and biochemical consequence, 
based on measurements of blood electrolyte levels 
and arterial blood gas tensions in patients receiving 
large infusions of saved cells. Our studies, however, 
demonstrate that processing blood for reinfusion 
removes a significant percentage of fentanyl from 
harvested blood before reinfusion. Shanks et al. (4) 
noted a 7.2% augmentation in clearance of d- 
tubocurarine when blood loss was salvaged by the 
Cell Saver (Hemonetics, Braintree, Mass) during 
spine surgery. Although fentanyl has a larger volume 
of distribution than d-tubocurarine, it is highly bound 
to plasma protein. An increased clearance of fentanyl 
would similarly be expected when plasma is removed 
from blood. However, removal of 74% of fentanyl 
from 1 L of blood, given a blood volume of 5 L, would 
remove only 15% of fentanyl from the intravascular 
space. Because blood level of fentanyl is only a 
fraction of the tissue level of fentanyl, loss of fentanyl 
via the cell saver of a highly lipophyllic drug such as 
fentanyl would not have an appreciable pharmaco- 
logic effect. 

Reduced concentrations of fentanyl in the saline 
preparations may indicate another route of elimina- 
tion of fentanyl apart from cell washing. Perhaps 
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adsorption of fentanyl to components of the cell- 
saving device occurs. 

The data from this study add new information to 
the growing body of knowledge related to the use of 
devices that permit intraoperative autologous infu- 
sion of salvaged blood. The use of these devices is 
important for the safety of our patients. Potential 
clinical sequelae of our findings, including decreased 
fentanyl serum concentrations, should be considered 
in patients undergoing extensive autotransfusion of 
shed blood. A precise determination of the impact of 
the cell saver on pharmacokinetics would require 
further study of blood levels of narcotics and other 
drugs used during anesthesia. 
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line. No additional relaxants were given and at least 
2-3 h elapsed between administration of succinylcho- 
line and the start of the study. Anesthesia was 
maintained with nitrous oxide. isoflurane, and addi- 
tional narcotics. The investigator was not involved in 
the care of the patient and clinical management 
decisions were made by the primary anesthetist. 
Evoked facial and thumb movements were assesssed 
by piezoelectric accelerometers. One accelerometer 
was securely placed over the thenar eminence; the 
fingers were firmly taped to a wrist board to prevent 
motion artifact. Standard surface electrodes were 
positioned over the ulnar nerve so that the distal 
positive electrode lay 5 cm proximal to the wrist 
crease. A second accelerometer was positioned over 
the patient’s cheek ipsilateral to surgery at a point 
considered to be optimal for sensing both circumoral 
and circumorbital movements. 

Once the intracranial portion of the facial nerve 
was accessible, baseline measurements of face and 
thumb responses (height of positive seismographic 
displacement) to supramaximal electrical stimulation 
were obtained and recorded on a strip-chart recorder. 
The facial nerve was stimulated intracranially by the 
surgeon with a 60-Hz constant voltage monopolar 
stimulator. The ulnar nerve was stimulated simulta- 
neously with a standard 2-Hz constant current stim- 
ulator. After obtaining stable baseline measurements, 
the patient was given atracurium 0.2-0.5 mg/kg in- 
travenously until the response to a 2-Hz supramaxi- 
mal electrical stimulus of the ulnar nerve at the wrist 
was completely abolished. Thereafter the ulnar nerve 
was stimulated every 10 sec and the facial nerve was 
stimulated at 5-min intervals for the duration of the 
study. The primary anesthetis: (who was unaware of 
accelerometry data) also observed the face and thumb 
for movement. This process was repeated until all 
four thumb twitches were present. Accelerometry 
data were analyzed at two pozints: reappearance of 
the first thumb twitch (point 1, ~90% block), and 
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return of the fourth thumb twitch (point 2, ~70% 
block) (2). The amplitude of each response was mea- 
sured and data are expressed as percent recovery of 
baseline displacement amplitude. 


Results 


Although the facial response, assessed by accelerom- 
etry and simple observation, to direct facial nerve 
stimulation was abolished by administration of atra- 
curium, it recovered 12 + 1.1 min (mean + SEM) 
before thumb twitches were detectable. More impor- 
tantly, even when there was 90% block by ulnar TOF 
(point 1), movement of the face was clearly observ- 
able in every patient (confidence limit 65%) and the 
accelerometer response had recovered to 76 + 12% of 
baseline amplitude. When ulnar TOF was consistent 
with a 70% block (point 2), the facial response was 
87 + 4% of baseline amplitude. Thus, facial move- 
ment was clearly present both by accelerometry and 
observation in all patients when the first twitch of the 
ulnar TOF was just reappearing. 


Discussion 
Muscle relaxants are used commonly during anesthe- 


sia for delicate intracranial procedures to ensure 
patient immobility. During procedures that require 


' monitoring of facial nerve function, however, neuro- 


muscular blockade could prevent an effective facial 
muscle response and lead to the erroneous conclu- 
sion that the structure stimulated was not a cranial 
nerve. Studies using extracranial stimulation indicate 
that there is a difference in sensitivity between the 
facial and ulnar TOF responses during blockade with 
non-depolarizing muscle relaxants (3-5). Relative to 
ulnar TOF, for example, facial TOF evoked by super- 
ficial electrodes placed over the extracranial portion 
of the facial nerve tends to underestimate the degree 
of neuromuscular blockade. That is, at a given level of 
blockade, the facial response is always stronger. 
Based on such data and clinical experience, we 
anticipated that a satisfactory facial response to direct 
intracranial stimulation of the facial nerve could be 
obtained despite a weak ulnar TOF. The data support 
our hypothesis and indicate that during recovery 
from a nondepolarizing block: 1) facial movement to 
intracranial stimulation of the facial nerve precedes 
return of the ulnar TOF, and 2) at the earliest hint of 
ulnar TOF recovery, the facial twitch is already 
strong. These results are unlikely to be specific for 
atracurium, but probably apply to all nondepolariz- 
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ing relaxants, even though the absolute time to 
recovery would obviously vary. Factors such as pre- 
operative facial nerve dysfunction secondary to com- 
pression, characteristics of the stimulus, and meth- 
ods of monitoring neuromuscular function could 
influence the results, however, so extrapolation to 
clinical conditions different from ours must be made 
cautiously. For instance, we compared the facial 
response to 60-Hz stimulation of the facial nerve to 
thumb TOF. While equivalent TOF or tetanic stimuli 
to the facial and ulnar nerves would provide a better 
basis for comparison, using TOF for direct facial 
nerve stimulation or 60-Hz tetanus to the ulnar nerve 
neither makes sense nor serves a useful purpose 
during these procedures. The neurosurgeon stimu- 
lates the facial nerve for anatomical purposes (i.e., to 
identify cranial nerves) while the anesthesiologist 
uses ulnar stimulation to assess neuromuscular func- 
tion. Moreover, previous work suggests that the 
response to direct facial nerve stimulation at 2 Hz 
(i.e., a TOF) would also be more resistant than ulnar 
TOF to neuromuscular blockade (3-5). 

Several methods of monitoring were considered 
for this study. These included evoked electromyog- 
raphy, force-displacement transducer recordings, 
and accelerometry. Accelerometry was chosen be- 
cause it was already used routinely at our institution 
during cases requiring facial nerve monitoring, is 
noninvasive, applicable to both the face and the 
thumb (unlike a force-displacement transducer), is 
relatively insensitive to electrical interference, and 
appears to be gaining popularity as a clinical neuro- 
muscular blockade monitor. Most importantly, how- 
ever, accelerometry is a simple and reliable method of 
neuromuscular transmission monitoring that closely 
correlates with force-displacement transducer mea- 
surements (6). 

It must be emphasized that this study provides no 
evidence for physiological differences between the 
facial and ulnar neuromuscular junctions. The study, 
however, provides a more rational basis for adminis- 
tering muscle relaxants during neurosurgical proce- 
dures requiring facial nerve stimulation and shows 
clearly that reliable facial nerve monitoring using 
evoked movement of the face as a guide is possible 
even when ulnar TOF indicates a high degree of 
neuromuscular blockade. 
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Fifty-Seven Years Ago in 
Anesthesia & Analgesia 


H. Thoms: Walter Channing and the introduction of anesthesia in childbirth. 
Current Researches in Anesthesia and Analgesia: 1932;11:14. 


he subject of this paper, Dr. Walter Channing, and the author, Dr. Herbert Thoms, were both important in 
the history of obstetrics and obstetrical anesthesia in the United States. 
First, Dr. Channing. His claim to fame lies in the fact that it was he who was primarily responsible for the 
introduction and, above all, the acceptance of obstetrical anesthesia in the States. As Thoms points out, the 
use of anesthetics for delivery became generally accepted only after initially overwhelming opposition, character- 
ized, as Thoms says, *‘by the denseness of its ignorance and the vehemence of its religious intolerance,’ was finally 
overcome. This opposition was overcome in Europe by Simpson, Professor of Obstetrics at the University of 
Edinburgh and introducer of chloroform. It was overcome in the U.S. by Channing. 

Channing did not enjoy the international acclaim as scientist, teacher, and obstetrician that Simpson did, nor did 
he have the bombastic personality, much less the ego, of Simpson. Channing was the embodiment of the 
contemplative, persistent Yankee practitioner, quite capable of effectively but quietly revolutionizing clinical 
practice. Born in Rhode Island in 1786, Channing managed to get into Harvard. In his third year, however, he was 
thrown out because of his participation in a students’ rebellion (not riot or protest, rebellion). Unfazed, he started 
the study of medicine in Philadelphia, Boston, London, and Edinburgh. Returning to Boston after receiving his 
M.D. degree in 1809 from the University of Pennsylvania, he entered the practice of obstetrics and, at the first 
meeting of the newly created Harvard medical faculty in 1816, was elected dean of its new medical school. On the 
staff of the Massachusetts General Hospital, Channing was also one of the founders of the Boston Lying-in Hospital 
(The ‘‘Lying-in’’ was dropped when the hospital became the Brigham and Womens Hospital, in part because no one 
any longer knew what ‘‘Lying-in’’ involved, and it sounded a bit racy). Almost immediately after the introduction 
in 1846 of ether for surgical anesthesia, Channing was giving ether to his obstetrical patients. Yes, he was giving it, 
not someone else. He was both obstetrician and anesthetist. In 1848 appeared his treatise on ‘‘Etherization in 
Childbirth,” a classic in the history of medicine. The book came out while the controversy about anesthesia was still 
raging. The U.S. opposition, headed by Professor Charles D. Meigs in Philadelphia, who later was also to oppose 
Oliver Wendell Holmes’ observation that puerperal fever was contagious, was powerful and convincing both on 
religious grounds (Genesis 3:16:*‘in sorrow thou shalt bring forth children’’) and on the theory that pain during labor 
was necessary and desirable for safety of mother and child. Simpson handled the religious objections in Britain by 
noting that, since God caused Adam to fall into a deep sleep for the costectomy that produced Eve (Genesis 2:21), 
anesthesia had already been divinely approved. (Apparently no one cited Psalm 127:3, ‘‘He giveth his beloved 
sleep,” for the same purpose). Instead, Channing gained medical and popular approval of obstetrical anesthesia by 
providing hard facts and cold data to prove the efficacy and safety of ether anesthesia in childbirth, something 
neither Simpson nor anyone else in that era did so thoroughly and completely. Channing did this by reporting in his 
book data on 581 deliveries performed with ether anesthesia. Such data would be pooh-poohed today—no 
simultaneous controls of deliveries without anesthesia—but, after millenia of deliveries without anesthesia, control 
data were hardly needed. Thanks to Channing, obstetrical anesthesia was accepted in North America, not 
immediately, to be sure, but well before his death at age 90 in 1876. 

Thoms affords richly deserved kudos for what Channing accomplished. Faintly ironic is that Thoms, soon to 
become Professor of Obstetrics and Gynecology at Yale University School of Medicine, was to achieve fame and 
a place in the pantheon of obstetrical history as an advocate of delivery without anesthesia, “natural childbirth.”’ 
Thoms was the one to introduce, preach, prove, and popularize natural childbirth in the States, a technique 
originally developed in the U.K. by Grantley Dick-Read. Only much later, Lamaze was to further refine the concept 
of natural childbirth. Thoms was to a large extent responsible for having the pendulum swing away from the 
‘everyone gets anesthetized (by ether or narcotics)’ school of thought derived from Channing’s work, to a more 
rational balance that offered women the choice of anesthesia or no anesthesia. 
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Administration of isoniazid in human patients may 
increase the metabolism of enflurane and increase 
serum fluoride ion concentrations (1) to levels that 
may transiently impair renal function (2,3). Although 
isoniazid therapy increases isoflurane metabolism in 
animals (4,5), its effects on the metabolism of this 
agent in human patierits are unknown. We deter- 
mined the breakdown of isoflurane in two patients 
treated with isoniazid by measuring the concentra- 
tions of fluoride ion arid trifluoroacetic acid (TFA) in 
their serum, as well as fluoride ion, TFA, and organic 
fluoride levels in their urine before, during, and after 
administration of isoflurane. 


Case Reports 
Case 1 


A 46-yr-old woman (weight 50 kg) in chronic renal 
failure secondary to diabetes mellitus was scheduled 
to receive a living donor-related renal transplant. Her 
therapy included continuous ambulatory peritoneal 
dialysis and daily doses of 10 units of lente insulin, 
subcutaneously, and 160 units of regular insulin in 
her dialysate fluid. Complications of her diabetes 
included retinopathy, gastrointestinal autonomic 
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neuropathy, peripheral neuropathy, and a below- 
knee amputation. Appendectomy and thyroidectomy 
had been performed without anesthetic complica- 
tions. Although previously treated with methyl dopa 
for hypertension; she required no medication to 
maintain a normal arterial blood pressure for 6 
months before this admission. She had no evidence 
of hepatic impairment. Medications included thyrox- 
ine, metoclopramide, diphenoxylate/atropine (Lomo- 
til), aluminium hydroxide, calcium, quinine, and folic 
acid. 

A preoperative chest radiogram revealed an opac- 
ity in the right upper lobe of the lung, which was 
diagnosed as an old focus of tuberculosis: Because of 
the risk of reactivating the tuberculosis after immu- 
nosuppression for her impending renal transplant, 
daily isoniazid therapy (300 mg) was instituted and 
surgery delayed. 

Renal transplantation was performed 6 days after 
commencement of isoniazid therapy. Anesthesia was 
induced with intravenous (IV) thiopental, and her 
trachea was intubated after paralysis with IV vecuro- 
nium. Anesthesia was maintained for 4 hr with 60% 
nitrous oxide, fentanyl (total 650 ug, IV) and isoflu- 
rane, 0.2-0.7% end-tidal concentration as measured 
by mass spectrometry. A total of 1.2 MAC-hr (the 
product of end-tidal isoflurane concentration as a 
fraction of minimum alveolar concentration [MAC] 
and the duration of administration in hours) was 
administered. Ventilation was controlled to maintain 
end-tidal Pco, between 32 and 37 mm Hg mpasireg 
by mass spectrometry). 

Other drugs used intraoperatively included pred- 
nisone (100 mg, IV), azathioprine (200 mg, IV), man- 
nitol (12.5 g, IV), furosemide (80 mg, IV), and ceph- 
azolin (1 g, IV). Blood glucose levels were controlled 
using a continuous infusion of insulin. We adminis- 
tered 0.5% bupivacaine (total 220 mg) with epineph- 
rine (1:200,000) to provide intercostal and paraverte- 
bral nerve blockade (T7-L2) after skin closure. At the 
end of surgery, we reversed neuromuscular blockade 
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Figure 1. Serum concentrations of fluoride ion and trifluoroacetic 
acid (TFA) from Patient 1 are plotted against time from induction of 
anesthesia with isoflurane. Serum fluoride ion concentration 
reached approximately 30 uM between 2-8 hr. Concentrations of 
TFA increased to 14 uM by 24 hr. 


with IV neostigmine and atropine, initiated sponta- 
neous ventilation, and removed the endotracheal 
tube without complication. 

The patient’s intraoperative and postoperative 
course was uneventful, and the transplanted kidney 
functioned well. Urine production was >10 L over 
the first 48 hr. By postoperative day 3, blood urea 
nitrogen (BUN) had declined from a preoperative 
value of 60 to 5 mg/dL, and serum creatinine concen- 
tration from 10.8 to 0.7 mg/dL. Six months later, the 
graft was functioning well (BUN 14 mg/dL; serum 
creatinine 0.8 mg/dL) and showed no evidence of 
rejection. 

Venous blood samples were obtained preopera- 
tively at 90, 120, and 200 min and at 8 and 28 hr after 
beginning isoflurane administration. Urine samples 
were collected intraoperatively and postoperatively 
up to 48 hr, and the volumes quantitated over three 
separate time periods. The possibility of enhance- 
ment of isoflurane metabolism by isoniazid was not 
considered to represent a risk because of data from 
animal studies. The preoperative sample was ob- 
tained from a frozen sample held in the immunology 
laboratory. 

Fluoride ion concentrations were measured using 
a fluoride ion electrode (6,7). Organic fluoride con- 
centrations in urine were measured by a sodium 
fusion method (8), using a 90.4% efficiency for or- 
ganic fluoride detection. Trifluoroacetic acid concen- 
trations were measured using a gas chromatographic- 
mass spectrometry assay (9). 

Serum fluoride ion concentration increased from 
4.3 uM preoperatively to approximately 30 uM be- 
tween 2 and 8 hr after commencing isoflurane admin- 
istration (Figure 1). Serum TFA concentrations in- 
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Figure 2. Urine excretion («mol/hr ') of fluoride ion (F), organic 
fluoride (Org F), and trifluoroacetic acid (TFA) from both patients 
(Pt 1, 2) are plotted against time of urine collection after commence- 
ment of isoflurane administration. 


creased to 14 uM over the first 24 hr. No further blood 
samples were obtained after 24 hr (Figure 1). Average 
fluoride ion concentration in the urine approximately 
doubled over the 18-hr collection period after 6-hr 
intraoperative and postoperative sampling (Figure 2). 
The concentration then declined over the subsequent 
24 hr. Urinary excretion of organic fluoride decreased 
over the 48-hr sampling period, whereas TFA excre- 
tion increased (Figure 2). 


Case 2 


A 50-yr-old woman (weight 48 kg) was scheduled for 
construction of an ileal bladder to manage urinary 
incontinence and urinary tract infections resulting 
from a cerebrovascular accident. She had right-sided 
hemiparesis. Systemic lupus erythematosis and tu- 
berculous meningitis were separately diagnosed in 
1975, and treatment of the latter with isoniazid (300 
mg, daily) was begun. At the time of admission for 
this surgery, the patient’s medication included the 
same dose of isoniazid (13-yr therapy) and pred- 
nisone (5 mg, daily). There was no evidence of renal 
or hepatic impairment. 

Anesthesia was induced with IV thiopental, and 
her trachea was intubated after paralysis with IV 
vecuronium. Anesthesia was maintained for 7 hr 
with isoflurane in oxygen (average end-tidal concen- 
tration 0.9%, measured by mass spectrometry), sup- 
plemented by fentanyl (total dose 550 yg, IV). A total 
of approximately 6 MAC-hr of isoflurane was admin- 
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acid (TFA) from Patient 2 are plotted against time from induction of 
anesthesia with isoflurane. Serum fluoride ion concentrations did 
not increase above the preoperative value. Concentrations of TFA 
increased to >30 4M by 24 hr and remained elevated for at least 7 
days. 


istered. Ventilation was controlled to maintain an 
end-tidal Pco, of 32-37 mm Hg (measured by mass 
spectrometry). At the time of surgery, we reversed 
neuromuscular blockade using IV neostigmine and 
glycopyrrolate, initiated spontaneous ventilation, 
and removed the endotracheal tube. Her postopera- 
tive course was complicated by fever and sepsis, 
which were successfully treated with ampicillin, gen- 
tamicin, and metronidazole. 

Venous blood samples were obtained preopera- 
tively at 150, 210, 300, 420 min and 24 hr after 
beginning isoflurane administration, and postopera- 
tively on days 2, 3, 5, and 7. Urine samples were 
obtained every 24 hr after surgery until day 7. Serum 
fluoride and TFA concentrations and urinary excre- 
tion of fluoride ion, organic fluoride, and TFA were 
determined by the methods described in Case 1. 

Serum fluoride ion concentration did not increase 
above the preoperative level of 8.3 uM, and declined 
to approximately 3 uM by day 3 (Fig. 3). Serum TFA 
concentrations were similar to those of the first pa- 
tient over the anesthetic course, but increased to 32.4 
uM by 24 hr (Figure 3). On day 7, these concentra- 
tions were still tenfold higher than the preoperative 
value. Fluoride ion concentration in urine increased 
over the first 3 days, then declined slowly (Figure 3). 
These values in this patient were slightly lower than 
those in the patient (Case 1) during the first postop- 
erative 24 hr, but similar by 48 hr. Organic fluoride 
excretion reached a peak of 26 wmol/hr after 2 days 
remained at this level for 24 hr, then declined (Figure 
2). Urinary TFA excretion peaked at day 3, then 
declined slowly (Figure 2). Values for both organic 
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fluoride and TFA concentrations were similar to those 
of the first patient (Case 1) during the first 48 hr. 


Discussion | 
Isoflurane is the least metabolized of the currently 
available volatile anesthetics (10). Healthy surgical 
patients exposed to an average of 3 MAC-hr of 
isoflurane have peak serum fluoride ion concentra- 
tions of 4-5 uM postoperatively (11). Healthy volun- 
teers given approximately 7 MAC-hr isoflurane have 
postoperative serum fluoride ion concentrations of 
1—4 uM (12). 

Physiologic abnormalities or medications that pro- 
mote the induction of hepatic enzymes may increase 
the metabolism of isoflurane. This has been demon- 
strated in a study of untreated diabetic rats (13) that, 
unlike treated diabetics (13,14), have enhanced iso- 
flurane metabolism. Diabetes in our patient described 
in Case 1 had been well controlled with insulin before 
and during surgery. Serum concentrations of fluoride 
ion are higher (mean 6.6 uM) in morbidly obese 
patients given isoflurane (15), but neither of our 
patients was obese. We are unaware of any data 
suggesting induction of isoflurane metabolism by any 
of the concurrent medications taken by either patient. 

We cannot explain the elevated preoperative se- 
rum fluoride concentration in Patient 2. The value of 
8.3 uM is higher than previously reported concentra- 
tions of 1-2 uM in subjects with normal renal func- 
tion (12,16). This patient was not taking any medica- 
tion containing fluoride, and isoniazid is not known 
to affect preoperative serum fluoride levels in other 
patients (1). Patient 1 had a preoperative serum 
fluoride ion concentration of 4.3 uM, which is slightly 
higher than values of 3-3.5 uM previously reported 
in patients with poor renal function (16,17). 

Patient 1 received a low total dose of isoflurane (1.2 
MAC-hr) after only 6 days of isoniazid treatment, yet 
demonstrated a substantial increase in serum fluoride 
ion concentration. High-dose isoniazid pretreatment 
of similar duration in rats increases hepatic micro- 
somal defluorination of isoflurane by only 168% (4), 
which would be insufficient to produce renal toxicity. 
The peak serum fluoride concentration of 30 aM in 
our patient (Figure 1) was nearly tenfold greater than 
the preoperative value, higher than any previously 
reported value after isoflurane administration, and 
comparatively prolonged, despite limited MAC-hr of 
exposure. Patient 2 had been treated with isoniazid 
for 13 years (the reason for such prolonged therapy is 
not clear) and was given five times the exposure 
(MAC-hr) to isoflurane given Patient 1, yet failed to 
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demonstrate an increase in serum fluoride ion con- 
centration above the preoperative value (Fig. 3). 

Serum TFA concentrations were similar in both 
patients for the first 8 hr, but increased in Patient 2 
(32.4 uM) by 24 hr (Fig. 3). This increase in TFA may 
be attributable to enzyme induction in Patient 2 as a 
result of long-term ingestion of isoniazid, although it 
is difficult to explain why serum fluoride ion concen- 
tration did not also increase. Although serum TFA 
concentrations were not measured after 24 hr in 
Patient 1, it is possible that the serum concentration 
continued to increase because the urine TFA excre- 
tion was still elevated at 48 hr, and was similar to that 
of Patient 2 (Figure 2). 

Values for urinary excretion of fluoride ion and 
organic fluoride (Figure 2) in both patients were 
similar to excretion rates of fluoride ion (8 uwmol/hr) 
and organic fluoride (54 wmol/hr) in healthy patients 
exposed to approximately 3 MAC-hr of isoflurane 
(11). Urinary excretion of TFA was similar in both 
patients over the first 48 hr of sampling, then excre- 
tion in Patient 2 slowly declined over the next 5 days. 
Values obtained in our patients were lower than 
those previously reported (18) in ASA physical status 
I patients given 2.4 MAC-hr of isoflurane. This dis- 
crepancy may be explained by a difference in study 
techniques. The earlier study (18) used thin-layer 
chromatography and estimated TFA concentration by 
combustion of the co-chromatographed nonionic me- 
tabolite of isoflurane. Consequently, other metabo- 
lites may have been erroneously identified as TFA, 
resulting in higher values. We used a gas chromatog- 
raphy-mass spectrometry assay specific for the detec- 
tion of TFA (9). 

Among patients given enflurane, approximately 
50% treated with isoniazid have much higher serum 
fluoride ion concentrations than patients given no 
isoniazid (1). The apparent increase in fluoride ion 
concentration in only half of patients treated may be 
related to the genetically determined bimodal distri- 
bution of rapid and slow acetylation of isoniazid (1). 
We did not determine the acetylator phenotypes of 
our patients. 

Although the serum fluoride ion concentration of 
30 uM observed in Patient 1 is within the range 
associated with transient minor impairment of renal 
function (3), and although the toxicity of fluoride ion 
might be enhanced by pre-existing renal insuffi- 
ciency, our patient suffered no adverse renal effects 
as assessed by BUN and creatinine or evidence of 
transplant rejection. We did not use more sensitive 
methods to detect minor functional impairment (e.g., 
ability to concentrate urine after vasopressin admin- 
istration [3]) because it would have been difficult to 
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separate any effects of fluoride ion from the variable 
function of the newly transplanted kidney. Low 
concentrations of isoflurane (as a supplement to 
nitrous oxide/opiate anesthesia) did not result in 
serum fluoride ion concentrations high enough to 
cause any Clinically detectable impairment of renal 
function. 

In summary, we measured serum concentrations 
of fluoride ion and TFA and urinary excretion of 
fluoride ion, TFA, and organic fluoride in two pa- 
tients treated with isoniazid and exposed to isoflu- 
rane. The first patient, a diabetic renal transplant 
recipient, received isoniazid for 6 days preceding an 
anesthetic that included 1.2 MAC-hr of isoflurane. 
The patient developed relatively high (but clinically 
not significant) serum concentrations of fluoride ion 
and significant levels of TFA 2 days after anesthesia. 
Despite this elevation in serum fluoride ion concen- 
tration, no impairment of renal function occurred. 
The second patient had been medicated with iso- 
niazid for 13 years, but showed no increase in serum 
fluoride concentration over preoperative values and 
only an increase in serum TFA concentration. Thus, 
although isoniazid may be associated with increased 
serum fluoride ion concentrations, this does not 
always occur. We speculate that the difference in 
findings between these patients may reflect the bimo- 
dal distribution of rapid and slow acetylation of 
isoniazid as suggested by Mazze et al. (1) for the 
metabolism of enflurane. 
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Intravenous Injection of Liquid Halothane 
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Halothane is a fluorinated hydrocarbon in common 
use as an inhalation anesthetic. Repeated exposure to 
halothane by inhalation may cause the rare compli- 
cation of liver necrosis (probably by an allergic mech- 
anism) (1). Otherwise, it is essentially nontoxic. In 
contrast, three cases have been described of the 
intravenous administration of halothane (2-4). All 
patients developed signs of a severe pulmonary vas- 
culitis and two of the three died. 

We describe below a case of self-injection with 
halothane with a fatal outcome despite intensive 
therapy. This is the only patient described in whom 
pulmonary artery pressures were measured and in 
whom treatment was attempted using the vasodilator 
epoprostenol (prostacyclin). 


Case Report 


A 52-yr-old, previously fit man injected himself with 
3 mL of liquid halothane into a vein in his antecubital 
fossa. He immediately lost consciousness, then grad- 
ually recovered so that 40 min later he was drowsy, 
but oriented and in no respiratory distress. The odor 
of halothane could be detected on his breath. 

One hour after injection, he developed central 
chest discomfort and a nonproductive cough. On 
auscultation of his chest, breath sounds were normal. 
Over the next hour he became dyspneic and slightly 
cyanosed; auscultation of his chest now revealed 
scattered rhonchi and rales. Furosemide 40 mg and 
aminophylline 250 mg were given intravenously by 
his family practitioner without improvement. 

Three hours after injection he was admitted to the 
hospital with severe dyspnea, cyanosis, and hypo- 
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tension (blood pressure was unrecordable). An arte- 
rial blood sample showed hypoxia (Pao, = 7.1 kPa [54 
mm Hg] with a fraction of oxygen in inspired air 
[Fio.] of 0.5) and a metabolic acidosis (pH = 7.2, base 
excess = -17.4 mmol/L). Paco, was 2.9 kPa (22 mm 
Hg). Chest x-ray showed pulmonary edema. An 
electrocardiogram (ECG) indicated right heart strain 
with a deep S wave in lead 1 and Q wave in lead 111 
(Figure 1). 

He was given further doses of furosemide and 
aminophylline, sodium bicarbonate, and methyl- 
prednisolone 1 g. His condition deteriorated further 
and tracheal intubation and intermittent positive 
pressure ventilation (IPPV) were initiated. He re- 
mained seriously ill, needing colloid infusion and 
inotropes to maintain his systolic blood pressure at 80 
mm Hg and 100% oxygen with 10 cm H,O positive 
end-expiratory pressure (PEEP) to maintain Pao, at 
10 kPa (76 mm Hg). 

A pulmonary artery flotation catheter was inserted 
7 hr after injection of halothane. This showed pulmo- 
nary artery (PA) pressures of 30/16 mm Hg with a 
pulmonary capillary wedge pressure (PCWP) of 8 
mm Hg and central venous pressure (CVP) 8 mm Hg. 
Cardiac output measured by thermodilution showed 
a cardiac index (CI) of 2.4 L-min™'-m~?; systemic 
vascular resistance (SVR) was 1237 dyn-sec:cm~”, 
pulmonary vascular resistance (PVR) 225 dyn:sec: 
cm °, and shunt fraction 33% (Table 1). 

An infusion of the vasodilator epoprostenol (pros- 
tacyclin) was started at a rate of 5 ng-kg'-min™? in 
an attempt to reduce PVR and to improve cardiac 
output. 

After commencement of epoprostenol, PVR de- 
creased to 147 dyn-sec-cm °, PA pressures to 18/7, 
and PCWP to 1 mm Hg. Cardiac index increased to 
2.8 L-min '-m 7 and blood pressure reached 100 mm 
Hg systolic. Pao, was maintained at 10 kPa (76 mm 
Hg) (Fio, = 1.0) and shunt fraction was unchanged. 
Peripheral perfusion improved clinically and urine 
output remained satisfactory. 

However, this improvement was short-lived and 
within 2 hr PVR again began to increase (to 203 
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Figure 1. Electrocardiogram on admission showing signs of acute 
right heart strain. 


dyn-sec-cm™”’) as did the PA pressures (to 28/6), de- 
spite increasing the infusion rate of epoprostenol to 10 
ng-kg~*-min™~*. Higher rates of epoprostenol infusion 
could not be tolerated because of hypotension. 

Twenty-four hours after injection his chest x-ray 
showed severe pulmonary edema (Figure 2) despite 
the PCWP remaining low (6 cm H,O). Pulmonary 
compliance had decreased and Pao, decreased to 8 
kPa (61 mm Hg) (Fio, = 0.8). Cardiac index was 2.0 
L-min™'-m~? despite increasing doses of dopamine. 
Epoprostenol had been withdrawn for 1 hr and then 
reintroduced without significant effect. The ECG 
showed resolution of the signs of right heart strain 
but widespread S-T segment and T wave abnormali- 
ties (Figure 3, and after 48 hr, Figure 4). The site of 
halothane injection in the antecubital fossa was now 
markedly inflamed. 

In an attempt to reduce pulmonary edema by 
removing fluid, ultrafiltration of blood was per- 
formed but had to be abandoned owing to resulting 
hypotension. Peritoneal dialysis was commenced to 
remove fluid in a more gradual manner and cooling 
to 34.5°C was introduced in an attempt to reduce O, 
consumption. 

Over the next 72 hr oxygenation remained border- 
line even on 100% O, (Pao, = 10 kPa [76 mm Hg]}) 
(Table 2). High-frequency jet ventilation was at- 
tempted but this resulted in a sharp decrease in Pao, 
and IPPV was recommenced with 15 cm H,O PEEP. 
His PVR continued to increase steadily despite 
epoprostenol therapy, with PCWP and CVP both 
remaining around 10 mm Hg. 





The pulmonary edema continued to progress de- 
spite achieving a negative fluid balance of 3.5 L over 
24 hr by peritoneal dialysis. Seventy-two hours after 
halothane administration, PVR had increased to 419 
dyn-sec-cm™? and CI had decreased to 1.1 L- 
min™'-m~? despite dopamine 30 pg-kg~!-min™} 
(PCWP = 11 cm H,O). Dobutamine was added to the 
dopamine infusion but the blood pressure dropped 
sharply on this mixture and the infusion was changed 
back to dopamine alone. Peripherally there was gross 
vasoconstriction. 

For 48 hr after admission, urine output remained 
above 50 mL/hr despite hypotension. It then, how- 
ever, decreased and by 72 hr after admission he was 
anuric. Although peritoneal dialysis continued, blood 
urea nitrogen (BUN) and creatinine levels increased 
steadily, and by day 6 BUN was 36 mmol/L and 
serum creatinine 613 mmol/L. Potassium was 6.1 
mmol/L. 

Liver function tests showed no gross abnormality 
during his illness: plasma levels of transaminases were 
not significantly elevated and bilirubin increased only 
slightly to 29 mmol/L by day 6. After the institution of 
hypothermia, hypoglycemia became a problem requir- 
ing the occasional administration of 50% dextrose. 

Despite a white cell count of 20,000-30,000 during 
his illness, cultures of blood, bronchial secretions, 
urine, and central venous lines were sterile at all 
times and there was no other evidence of sepsis. His 
hemoglobin level remained above 11 g/dL throughout 
his illness. 

Although there was a reduction in pulmonary 
edema by day 6, Pao, was maintained at 11 kPa (84 
mm Hg) only by 100% O, with 15 cm H,O of PEEP; 
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Table 1. Cardiovascular Data Showing the Initial Effect of Epoprostenol in Lowering PVR and Subsequently the 


Progressive Rise in PVR Despite Epoprostenol 





CA 
SVR (L:min m`? 


(dyn'sec: cm~) body surface area) Comments 





BP CVP PA PCWP PVR 
Time (mm Hg) (mm Hg) (mm Hg) (mm Hg) (dyn'sec anm) 
7.5 hr 91 8 30/16 8 225 
9 hr 105 3 18/7 1 147 
11 hr 103 3 28/6 0 203 
24 hr 90 8 26/15 6 274 
Day 2 90 14 31/22 13 325 
Day 3 120 13 28/18 il 419 
Day 6 100 12 — = i 


1237 2.4 On dopamine 
1144 2.8 Add PGI, at 5 

ng'kz min`! 
1177 2.8 PGI, at 5 ng'kg min ' 
1440 2.0 PGI, at 10 ng'kg ‘min! 
1607 1.6 PGI, at 10 ng'kg min`’ 
2934 1.1 PGI; at 10 ng'kg min”! 


PAF removed 





Abbreviations: BP, systolic blood pressure; CI, cardiac index; CVP, central venous pressure; PA, pulmonary artery pressures systolic/diastolic; PAFC, 
pulmonary artery flotation catheter; PCWP, pulmonary capillary wedge pressure; PGI,, prostaglandin 1, (epoprostenol); PVR, pulmonary vascular resistance; 


SVR, systemic vascular resistance. 





Paco, was 6.3 kPa (48 mm Hg). His BP remained 
around 100 mm Hg systolic with gross peripheral 
vasoconstriction and impalpable peripheral pulses, 
and CVP remained 12 cm H,O. An isotope perfusion 
scan of his lungs was performed: this showed equal 
perfusion of both lungs with no gross perfusion 
defects, implying patency of the larger pulmonary 
arteries. 

On day 6 a small pneumothorax developed: de- 
spite the rapid insertion of a chest drain and reexpan- 
sion of the lung he shortly afterwards developed 
bradycardia and asystolic cardiac arrest. Attempted 
resuscitation was unsuccessful. 

Gross examination of the lungs at postmortem 
examination showed severe pulmonary edema and 


Figure 2. Crest x-ray 24 hr after 
injection o- halothane showing 
widespreac interstitial edema, 
most marked in the lower zones. 


widespread pneumonic consolidation. Microscopi- 
cally, most of the alveoli were filled with inflamma- 
tory cells (neutrophils, lymphocytes, proliferative 
type II pneumocytes, and macrophages) and fibrin. 
In some alveoli there was early o-ganization. There 
were some small areas of hemorrhagic infarction 
associated with small organizing tarombi in the pul- 
monary arteries. Some small pulmonary vessels had 
areas of fibrinoid necrosis in their walls. 

There were also small areas of hemorrhagic infarc- 
tion in the spleen and pancreas. In the liver there was 
widespread acute centrizonal necrosis affecting most 
of the lobules, but there was no evidence of an 
inflammatory reaction. Brain, heart, and kidneys 
were essentially normal. 
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Figure 3. Electrocardiogram 24 hr after admission. 


Table 2. Serial Arterial Blood Gas Values at Different 
Times after the Intravenous Injection of Halothane 
Demonstrating the Need for High Inspired Oxygen 
Concentrations to Maintain Adequate Oxygenation 


Po, P,co, 

[kPa [kPa 
Time (mm Hg) Flo, (mm Hg)] Comments 
3hr 7.1 (54) 0.5 2.9 (22) O, by mask 
7.0 hf 10.5 (80) 1.0 5.3 (40) IPPV + 10 PEEP 
9 hr 10.5 (80) 1.0 5.2 (39.5) On PGI, at 

5 ng kg~*+min™! 

24 hr 8.4 (74) 1.0 4.6 (35) IPPV + 15 PEEP 
Day2 10.0 (76) 1.0 5.3 (40) IPPV + 15 PEEP 
Day 3 10.0 (76) 1.0 6.3 (48) IPPV + 15 PEEP 
Day 4 8.6 (65) 1.0 7.5 (57) IPPV + 15 PEEP 
Day 6 11.5 (87) 1.0 6.3 (48) IPPV + 15 PEEP 


Abbreviations: Flo, fraction of oxygen in inspired air; IPPV, intermittent 
positive pressure ventilaticn; P,co,, arterial CO, tension; PEEP, positive 
end-expiratory pressure (cm H0O); P,o2, arterial oxygen tension. 


Discussion 


This case again illustrates the catastrophic effect of a 
small dose of halothane given intravenously. Our 
patient presented with the clinical picture of acute 
pulmonary edema and acute right heart failure due to 
damage to pulmonary vessels leading to hypoxia, 
vascular hypoperfusion, and death. This was second- 
ary to pulmonary vasculitis and pulmonary edema 
caused by the direct effect of a bolus of halothane on 
small pulmonary vessels (as suggested by the fi- 
brinoid necrosis in some vessel walls). Postmortem 
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changes in other organs were nonspecific and prob- 
ably related to the prolonged state of vascular hypo- 
perfusion. 

Pulmonary artery pressures have not been mea- 
sured previcusly in humans after halothane injection. 
Pulmonary artery pressures in our patient showed a 
progressive increase after halothane injection stem- 
ming from increases in pulmonary vascular resis- 
tance. Severe pulmonary edema occurred rapidly 
after injection of halothane despite normal pulmo- 
nary capillary wedge pressures, implying capillary 
endothelial damage at an early stage. 

Three previous cases of intravenous halothane 
administration have been described (2-4). All pa- 
tients developed severe pulmonary edema within 
hours of administration leading to hypoxia and hy- 
potension. 

Two of thse died after intravenous doses of 9 and 
3 mL, respectively. Necropsy showed pulmonary 
edema in eéch case and, in the second case (with 
survival of 3 days), subpleural hemorrhages and 
inflammatory changes in branches of the pulmonary 
artery. 

In the patient who survived (2), she received 2.5 
mL of halothane intravenously. She had a slower . 
onset of symptoms and did not require positive 
pressure ventilation until 48 hr after administration of 
the halothane. Her treatment was essentially sup- 
portive. 

Oral ingestion of large amounts of halothane (35- 
250 mL) has been reported; two of these patients 
showed marked neurological, cardiac, and respira- 
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Figure 4. Electrocardiogram 48 hr after admission showing reso- 
lution of ECG evidence of right heart strain. 


tory depression which reversed after elimination of 
the halothane, without long-term sequelae (5,6). A 
third patient, who had also ingested barbituates, 
died, presumably owing to cardiovascular and respi- 
ratory depression (7). 

Dogs injected with halothane (8) develop diffuse 
pulmonary edema with focal areas of hemorrhage 
within 30 min of injection. Areas of focal hemorrhage 
are maximal in regions of the lung with the highest 
blood supply. Microscopically alveolar edema and 
alveolar and perivascular hemorrhage from con- 
gested capillaries are prominent. These changes are 
more marked in animals receiving larger doses of 
halothane. Changes are delayed and less extensive in 
animals given mechanical ventilation at the time of 
injection. In one surviving dog killed and examined 
22 days after injection, histologic examination 
showed changes suggestive of healing pulmonary 
infarcts. In three dogs in which pulmonary artery 
pressures were measured, there were immediate and 
sustained increases after halothane injection averag- 
ing about 10 cm H,O. 

Thus intravenous halothane causes direct damage 
to the walls of smaller pulmonary vessels with an 
associated alveolar inflammatory response. Micro- 
thrombosis and infarction of vessels occur at a later 
stage and the clinical picture is similar to the adult 
respiratory distress syndrome (ARDS). 
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Epoprostenol is the exogencus form of prostacy- 
clin (prostaglandin I,) which is found normally in 
pulmonary vessels. It is a potent pulmonary vasodi- 
lator and inhibitor of platelet aggregation capable 
of lowering pulmonary vascular resistance and im- 
proving cardiac output in patients with pulmonary 
hypertension due to mitral valve disease (9) and 
primary pulmonary hypertension (10). Its use has 
not been described before to creat pulmonary 
hypertension due to toxic damage to pulmonary 
vessels. In our patient it initially reduced pulmo- 
nary vascular resistance and pulmonary artery 
pressures without increasing the shunt fraction, 
but this effect was short-lived and subsequently it 
had no effect on pressures in the pulmonary circu- 
lation. 

Treatment of a patient after intravenous injection 
of halothane is essentially support.ve. The study by 
Sandison et al. (8) suggests the importance of ade- 
quate oxygenation in limiting pu-monary damage. 
The patient’s PCWP should be kept as low as possi- 
ble, while maintaining adequate cardiac output and 
normal colloid osmotic pressure. 

The place of steroids in the prevention and treat- 
ment of acute ARDS is controversial and unproved. 
Steroids are unlikely to be of bene-it when endothe- 
lial cells have been damaged by the direct toxic effect 
of intravenous halothane. 

The prognosis after administration of intravenous 
halothane seems to depend on tne dose adminis- 
tered—the only patient reported who survived was 
the one who had the smallest dose, and in the study 
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by Sandison et al. (8), dogs given higher doses had 
more extensive pathological changes. On the basis of 
the published cases to date, the mortality is extremely 
high. 

If halothane is accidentally drawn into a plastic 
syringe, the plastic begins to dissolve making the 
plunger stick; this is a useful warning sign which 
should alert the anesthesiologist. 





We would like to acknowledge the help of Dr. J. Crane, Mrcpath, 
who performed the autopsy and examined the histologic speci- 
mens. 
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Etomidate Myoclonus and the Open Globe 


James M. Berry, Mp, and Robert G. Merin, MD 


Key Words: ANESTHETICS, InrRAVENOUS— 
etomidate. ANESTHESIA, oPHTHALMOLOGIC. 


Etomidate is a rapid-acting hypnotic, valued for its 
minimal respiratory and cardiovascular depression in 
comparison with thiopental. Known side effects in- 
clude pain on injection, postoperative nausea and 
vomiting, electroencephalic activation, adrenal sup- 
pression, and myoclonus (1,2). 

Patients who have sustained open eye injuries are 
at risk of exacerbation of damage to the injured eye 
on induction of general anesthesia. Coughing, strain- 
ing, hypoxia, and airway obstruction can rapidly 
increase intraocular pressure (IOP) (3-5). The combi- 
nation of an open eye injury, a full stomach, and 
limited cardiovascular reserves produces a uniquely 
treacherous combination of circumstances for the 
anesthesiologist. 


Case Report 


A 38-yr-old, 90-kg man presented to the emergency 
room 1 hr after sustaining an injury to his left eye 
while repairing the brakes of his automobile. 

He gave a 2-yr history of dyspnea on exertion, 
orthopnea, and nocturnal dyspnea and a 6-yr history 
of hypertension. He had been admitted to the hospi- 
tal three times during the past 18 months for episodes 
of congestive heart failure. He had smoked for 20 yr 
and could tolerate walks of four blocks, limited by 
dyspnea. Eight months before presentation, cardiac 
catheterization revealed an ejection fraction of 25%, 
left atrial and ventricular enlargement, and hypoki- 
nesis with normal coronary arteries and valvular 
function. His dilated cardiomyopathy was ascribed to 
heavy and continuing alcohol use. He was poorly 
compliant with his regimen of furosemide, captopril, 
and diltiazem. 

He had eaten a full meal 4 hr before the injury. 
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Physical examination revealed an obese male in 
pain. There was no jugular distension, peripheral 
edema, or respiratory distress. Ophthalmologic ex- 
amination showed an open anterior chamber with a 
possible prolapse of irideal tissue; the posterior cham- 
ber was poorly seen. It could not be determined 
whether the eye was beyond repair. 

There was old scarring and vascular prominence 
on chest x-ray, unchanged from 4 months previously. 
The electrocardiogram (ECG) demonstrated left ven- 
tricular hypertrophy and biatrial enlargement, with- 
out evidence of ischemia. 

Consultation with the patient’s ophthalmologist 
determined the immediate need for surgery and the 
need for general anesthesia. Preanesthetic manage- 
ment was discussed with the patient’s cardiologist 
who felt that nothing more cauld be done immedi- 
ately, and he was transferred to the surgical suite. 
Monitoring included ECG, intraarterial blood pres- 
sure, pulse oximetry, and mass spectrometry. An 
infusion of sodium nitroprusside was available for 
control of blood pressure during a modified rapid- 
sequence induction. 

The patient was alert and awake with a blood 
pressure of 160/90 mm Hg and a pulse of 80 beats/ 
min. Vecuronium 1 mg and fentanyl 0.2 mg were 
given 5 min before induction. Preoxygenation was 
followed by lidocaine 100 mg, vecuronium 9 mg, 
cricoid pressure, and etomidate. The etomidate injec- 
tion was interrupted after 15 mg had been given by 
the onset of severe generalized myoclonus and hy- 
pertension. The blood pressure increased to 240/130 
mmHg despite the rapid infusion of nitroprusside 
and was accompanied by arterial desaturation. Bleed- 
ing was seen coming from under the shield covering 
the injured eye. Thiopental 125 mg was given and the 
trachea was intubated. The myoclonus resolved after 
approximately 30 sec, and the blcod pressure stabi- 
lized quickly with 1% isoflurane in oxygen. Examina- 
tion of the eye revealed complete ~etinal detachment 
with some prolapse of vitreous. Since his preopera- 
tive examination had been limited, the ophthalmo- 
logic surgeon could not determine whether the eye 
had been further injured by the anesthetic induction. 
However, he decided that the eye was not viable and 
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an enucleation was performed. During the 1-hr-long 
procedure, oxygen saturations slowly decreased to 
90% with the appearance of rales and increased 
secretions. Furosemide and morphine were adminis- 
tered with resultant diuresis and improved arterial 
saturation. The patient awakened, the endotracheal 
tube was removed, and he was observed overnight in 
an intensive care unit. No further complications were 
noted and he was discharged 2 days later. 


Discussion 


This case provides a graphic illustration of the con- 
flicting priorities in the planning and conduct of a 
high-risk anesthetic. Three areas were of the greatest 
concern: 1) a “full stomach” and the need for rapid 
control of the airway to prevent possible aspiration, 
2) limited left ventricular performance and reserves, 
and 3) the presence of an open eye injury. The first 
problem, that of possible aspiration, has a low inci- 
dence but a high morbidity and mortality (6). The 
threat of left ventricular failure, although serious, is 
less life-threatening in the absence of ischemic heart 
disease (increased O, demand from increased filling 
pressures and decreased O, supply from decreased 
coronary perfusion). Open eye injuries demand an 
induction free of coughing or straining in order not to 
exacerbate the injury (4,5). In this case, with the real 
threat of aspiration of gastric contents, the combina- 
tion of agents selected to minimize myocardial and 
ophthalmic stress was such that neither goal was 
met. 

The use of etomidate for anesthesia is now almost 
15 yrs old. Since its discovery by Janssen and clinical 
trials, it has proven to be a safe and effective alterna- 
tive to thiopental in certain clinical settings (1). Its 
lack of effect on IOP is well documented (7,8), as are 
its minimal effects on cardiac performance in patients 
with preexisting heart disease (9-11). 

The problem of involuntary muscle movements, or 
myoclonus, associated with etomidate, was recog- 
nized early in clinical trials (12). This reaction may be 
mild and transient, involving only a few axial muscle 
groups, or it may resemble generalized seizure activ- 
ity (13). It has been related to pain on injection (14,15) 
and to the rate of injection (16,17). It is not clear 
whether this myoclonus represents seizure activity. 
Reports generally deny the association of etomidate 
with abnormal electroencephalographic activity 
(15,18), but one series of epileptic patients undergo- 
ing craniotomy had increased epileptiform activity 
during etomidate anesthesia (19). Prolonged myoclo- 
nus has been reported following total intravenous 
anesthesia with etomidate (20), yet early investigators 


ANESTH ANALG 257 
1989;69:256-9 


Table 1. Incidence of Myoclonus with Etomidate 








Dose + Premed %o (% 
(mg/kg) n Myoclonus Severe) Reference 
0.3 + none 5 80 33 
0.3 + none 9 78 (22) 22 
0.2 + atropine 0.5 mg 14 64 31 
0.3 + atropine 0.6 mg 50 64 (8) 21 
0.3 + atropine 0.5 mg 20 65 (20) 15 
0.3 + atropine 0.6 mg 50 22 34 
0.3 + atropine 0.6 mg 200 30 (5) | 4 
0.3 + atropine 0.5 mg 20 10 
+ fentanyl 0.1 mg 15 
0.3 + atropine 0.6 mg 50 38 (0) 
+ meperidine 21 
50-100 mg 
0.3 + papaveretum 12 0 
0.3 mg/kg 
+ promethazine 32 
0.7 mg/kg 
0.3 + atropine 0.5 mg 30 60 (10) 
+ fentanyl 0.1 mg 
+ diazepam 10 mg 16 
0.3 + various 325 50 (12) 14 
0.3 + various 100 25 (4) 35 


found no clinical significance in what they described 
as only a transient aesthetic disturbance in an other- 
wise uneventful induction (1). 

An incidence of severe myoclonus (defined as 
resembling a generalized seizure) of 6-8% was re- 
ported by Holdcroft et al. (21) with an incidence of 
any myoclonus of 60% in patients given only atropine 
premedication. The observation that diazepam and/ 
or fentanyl premedication diminish the incidence and 
severity of the effect has been made by others 
(14,15,17,21,22). Table 1 illustrates the incidence of 
reported myoclonus with etomidate. 

The studies of IOP with etomidate anesthesia (in 
intact eyes) mention only that myoclonus, when 
seen, did not interfere with tonometry. It is not clear 
whether measurements were made during a myo- 
clonic episode (8). Studies of etomidate also report a 
significant incidence of isolated eye movements (14). 
It seems unlikely that the extraocular and facial 
muscles would be spared in an episode of generalized 
myoclonus (13). Given the association of increased 
thoracic muscle tone (Valsalva’s maneuver, straining) 
with increased IOP, generalized myoclonus would 
almost certainly greatly increase IOP. In fact, in 
patients anesthetized with thiopental and then given 
succinylcholine, further increases in IOP of up to 50 
mm Hg are seen with the onset of electroconvulsion 
(23). 

The choice of muscle relaxant in the patient with 
an open eye injury remains controversial (4,5). Early 
reports of increased IOP with succinylcholine (23-25) 
have led to increased reliance on nondepolarizing 


drugs (4,5,26). The introduction of more rapid-acting 
neuromuscular blockers has improved, but not com- 
pletely alleviated the problem of a rapid-sequence 
induction in the open globe patient. Vecuronium 
does not affect IOP in the anesthetized patient (27), 
and priming techniques have been documented to 
reduce the time to complete relaxation to approxi- 
mately 60 sec with vecuronium or pancuronium 
(28,29). As well, very high dose vecuronium or atra- 
curium may provide satisfactory intubating condi- 
tions in approximately 60 sec (30). However, Libonati 
et al. (3) suggest that the transient increase in IOP 
induced by succinylcholine may not be clinically 
significant. 

The use of etomidate in rapid-sequence induction 
of anesthesia has not been well studied. Comparisons 
of techniques for rapid-sequence induction have all 
used thiopental. Myoclonus would seem to be an 
unpredictable complication of etomidate use and is 
obviously hazardous in the patient with an open eye. 
It then seems prudent, when rapid relaxation is 
needed for airway control, to use a relaxant which 
would minimize the time to complete flaccidity. The 
small, transient increase in IOP with succinylcholine 
is insignificant in comparison to the dramatic re- 
sponse in myoclonus (3). So, when it is deemed 
necessary to utilize the cardiovascular stability pro- 
vided by etomidate induction in the patient with an 
open eye, etomidate should be combined with succi- 
nylcholine, with or without a “defasciculating” dose 
of nondepolarizing relaxant. The use of narcotic and/ 
or benzodiazepine may reduce the incidence of my- 
oclonus. We suggest that the use of etomidate in the 
patient with an open globe without the rapid muscle 
relaxation produced by succinylcholine invites the 
possibility of loss of ocular contents. 

There is a need for further study and clarification 
of the relationship of myoclonus to IOP, as well as 
defining more precisely the dynamics of rapid- 
sequence inductions utilizing etomidate. 
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Fifty-Two Years Ago in 
Anesthesia & Analgesia 


F. H. McMechan, L. McMechan: Elmer Isaac McKesson, MD, Anesthetist: 
His Life and Work. 1937;16:1-6. 


lmer Isaac McKesson, born in 1881 in a small rural village in Indiana, received his medical degree from 

Rush Medical College in Chicago in 1906. During his internship in 1907 at the Toledo Hospital in 

Toledo, Ohio, he decided to devote his career to anesthesia at a time when anesthesia was, at best, at 
its prepubertal stage of development in the United States—and, for the most part, throughout the rest of the 
world. By the time he died in 1935, he had become an internationally recognized leader in and contributor to 
the development of anesthesia. 

His contributions were made in three areas. First, McKesson was a skilled inventor and producer of 
anesthesia equipment. Almost single-handedly he revolutionized equipment used in anesthesia including basic 
things such as reliable pressure-reducing valves and flow meters to systems capable of accurately delivering 
different concentrations of nitrous oxide and oxygen despite rapidly and erratically changing flow rates needed 
to meet inflow demands on the delivery system by spontaneously breathing patients. He was an inventor. He 
was also a skilled mechanic and engineer, so skilled that he could commercially produce the equipment he 
invented. And he did not go broke doing so. 

Second, by concentrating his attention almost exclusively on nitrous oxide, he became world famous for his 
exploitation to the fullest of this gas. For him nitrous oxide-oxygen was the alpha and omega of general 
anesthetics. In his hands, nitrous oxide could be used as a complete anesthetic. McKesson’s clinical skill and 
his mastery of the art of anesthesia, combined with his knowledge of respiratory physiology and the efficiency 
and practicality of the anesthesia machines he made and used, made him a pioneer in the establishment of 
nitrous oxide as a major component of general anesthesia yesterday and today. Not all anesthetists of the time 
were as willing (or able) to use nothing but nitrous oxide-oxygen for intra-abdominal as well as all other types 
of operations in all sorts and conditions of patients. But McKesson had physiologic reasons to support what 
he preached, even in something as outrageous as primary and secondary saturation with nitrous oxide. This 
consisted basically of inducing anesthesia in patients by substituting the room air they were breathing with 
100% nitrous oxide (no oxygen) and then, just before disaster occurred, giving them 80% nitrous oxide in 
oxygen, or perhaps a breath or two of 100% oxygen before starting the 80% nitrous in oxygen. That his 
patients survived this almost instantaneous induction of anesthesia was because of timing and, above all, 
because, of course, alveolar oxygen tension increased when patients breathing room air started breathing 
100% nitrous oxide for the same reasons that alveolar oxygen tension decreases at the end of a nitrous oxide 
anesthetic when patients go from breathing 80% nitrous to breathing room air, i.e., diffusion hypoxia. 

Finally, McKesson was deeply involved in the establishment of a number of organizations and institutions that 
were important then and are still important today, whether in an unchanged form or as descendants of previous 
organizations. He was either a charter member or a founder, or both, of societies such as the New York Society 
of Anesthetists, the American Association of Anesthetists, and the International Anesthesia Research Society. 
The importance of these societies in the organization of modern anesthesia need not be repeated, having been 
previously reviewed in this series of Historical Notes, but suffice it to say that McKesson’s claim to fame lies in 
more than his development of anesthesia equipment and his use of nitrous oxide. 

The authors, Dr. McMechan and his wife, were just as important as McKesson. They will be afforded a 
separate Historical Note in the future. 
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Letters to the Editor 


“Sciatic Radicular Pain” or Piriformis 
Muscle Syndrome? 


To the Editor: 


Xavier et al. (1) recently published a report about the relief 
of “sciatic radicular pain,” and we commend the authors for 
taking the initiative to publish these five cases in which they 
have demonstrated that sciatica can be treated by sciatic 
nerve block. As we understand, sciatica is.a symptom and 
not a disease, and it is seldom caused by primary neuritis. 

The authors presented an excellent description of the 
cases, and wrote a thorough discussion ofall the possible 
mechanisms of pain relief. They also gave well deserved 
consideration to various etiologic factors for sciatica except 
one (i.e., piriformis muscle syndrome), and because of that, 
their conclusion was not quite accurate. In our pain clinic, 
we have observed that many patients with low back pain of 
either nonsurgical etiology or postlaminectomy syndrome, 
with or without electromyographic (EMG) findings positive 
for “radiculopathy,” have piriformis muscle syndrome. 

Yeoman (2) was first to refer to the piriformis muscle 
syndrome and its relationship with sciatica. The piriformis 
muscle syndrome is one of the differential diagnoses to 
consider in patients with low back pain, and the physical 
examination of these patients is very similar to those for 
back pain of different etiologies (3). Its relationship with the 
postlaminectomy pain syndrome and mechanisms of sciat- 
ica have been described (4). To diagnose piriformis muscle 
syndrome, one has to look for it by deep palpation of the 
piriformis muscles. Pain relief in these patients after the 
direct infiltration of piriformis muscle with a local anes- 
thetic is dramatic. Because of the anatomic relationship of 
the piriformis muscle and sciatic nerve, there is a 20% 
chance of'at least partial sciatic nerve block (5) when the 
piriformis muscle is infiltrated with local anesthetic solu- 
tions. 

Xavier et al. (1) used an anterior approach for sciatic 
nerve block, and obtained the pain relief either by direct 
injection of the muscle or retrograde block (6) of S,-S2, thus 
relieving sciatic nerve compression. 

Abram’s accompanying editorial (7) is an excellent trea- 
tise on the neurophysiology of the pain mechanisms. 
However, he failed to clearly explain the pain relief second- 
ary to sciatic nerve block in patients such as those reported 
by Xavier et al. (1), He admitted even more difficulty 
explaining the duration of the pain relief based on available 
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reported findings. The onset of pain relief in the patients of 
Xavier et al. (1) was 20 min to 1 hr, and duration was 2 days 
to 2 weeks. Piriformis muscle injection will produce vari- 
able pain relief. Duration of pain relief reported by Xavier et 
al. (1) was very similar to that reported by Bonica (8). 
Although it is important, as after completion of any 
scientific investigation, to analyze all observations and 
draw conclusions for future use, one should exhaust all 
probable and even possible explanations (based on prior 
studies) before invoking a new theory or mechanism for 
pain relief, especially those based on such a small number 
of cases. This could mislead practitioners involved in. pain 
management to try a new treatment without the complete 
understanding of its indications, limitations, and complica- 
tions. As Abram (7) pointed out, “‘there is a low but real risk 
of nerve damage with peripheral nerve block, and repeated 
local anesthetic blocks of sciatic nerves have been reported 
to cause myositis, myelin vacuolizaticn of the nerve, and 
impaired nerve function in animals.” 
Because of positive EMG findings in four of the five 
patients reported by Xavier et al. (1), tke authors concluded 
that the entire etiology of pain syndromes in those patients 
was caused by “radiculopathy.” In mw opinion, they have 
described an anterior approach for treatment of piriformis 
muscle syndrome. 
Zia Durrani, MD 
Pain Clinic 
Department of Anesthesiology and Pain Clinic 
The Untversity of Illinois at Chicago 
Suite 3200 West 
1740 West Taylor Street 
Chicago, IL 60612 


References 

1. Xavier AV, McDanal J, Kissin I. Relief of sciafic radicular pain by sciatic 
nerve block. Anesth Analg 1988;67:1177-80. 

2. Yeoman W. The relation of arthritis of the sacroiliac jomt to sciatica. 
Lancet 1928;2:1119-22. 

3. Kirkaloy-Willis WH, Hill RJ. A more precise diagnosis of low back pain. 
Spine 1979;4:102-9. 

4. Mizuguchi T. Division of the pyriformis muscle for the treatment of 
sciatica. Arch Surg 1976;111:719-22. 

5. Pecina M. Contribution to the etiological explanation of the pyriformis 
syndrome. Acta Anat (Basel) 1979;105:181-7. 

6. Moor DC, Hain RF, Ward A, Bridenbaugh LD. Importance of perineural 
spaces in nerve blocking. JAMA 1954;13:1050-3. 

7. Abram SE. Pain mechanism in lumbar radiculopathy (editorial). Anesth 
Analg 1988;67:1135-7. 

8. Bonica JJ. The management of pain. Philadelphia: Lea & Febiger, 1954: 
910. 


WA 


LETTERS TO THE EDITOR 


Pseudosciatica 


To the Editor: 


I read with interest the article by Xavier et al. (1), describing 
the phenomenon of distal nerve block affecting centrally 
mediated pain. I propose an alternate explanation. In 
“pseudosciatica,” the sciatic nerve is compressed by a 
contracted piriformis muscle against the obturator internus 
and the sharp edge of the greater sciatic notch (2), or it is 
compressed as it courses through the body of the muscle 
itself (3), in both instances producing sciatic pain radiating 
down the leg to the foot. Motor weakness with a limp on 
the affected side has been reported (4). The fifth lumbar 
vertebra, sacrum, and sacroiliac joint have been regarded as 
comprising a structural and functional unit (5). Injury to 
any of these structures commonly results in a “piriformis 
syndrome” with sciatic-like symptoms. 

For example, a 30-year-old white male presented with a 
10-week history of low bck pain radiating to his leg and 
foot, associated with numbness of his proximal leg and a 
significant foot drop. Examination revealed diminished pin 
prick sensibility over the L2-L4 dermatomes and a positive 
straight leg raising (SLR) sign at 30° of flexion. In this test, 
the sciatic nerve is stretched during supine hip flexion by 
elevating a straightened leg. The hip is slightly adducted, 
held in neutral position, and the foot is held at 90°. A 
positive test produces pain that radiates to the foot. The 
patient also had tenderness to palpation over both his 
sacroiliac (SI) joint and his piriformis muscle, where a 
significant nodule was felt. The piriformis muscle was 
injected via a posterior approach with a total of 5 ml of 1% 
lidocaine, using the technique of Travell and Simons (6). 
Immediate improvement in pin prick sensibility was asso- 
ciated with decreased pain. No evidence of sciatic nerve 
block was present on subsequent reexamination. His limp 
resolved. A residual SLR sign at approximately 75° 
prompted injection of the SI joint with 0.5% bupivacaine 
and methylprednisclone acetate. A series of injections of 
the SI joint with bupivicaine and methylprednisolone, and 
the piriformis muscle with lidocaine, resulted in complete 
resolution of all symptoms and full resolution of his limp. 

I propose that the patients described by Xavier et al. (1) 
had piriformis syndrome, probably secondary to lumbar 
joint disease. The volumes of local anesthetic used could 
have easily produced an incidental piriformis block. Radic- 
ular pain can only be differentiated from pseudosciatica by 
electromyographic demonstration of nerve involvement 
above and below the piriformis muscle (i.e., involvement of 
the gluteal and tensor fascia lata muscles, as well as distal 
innervation). 

It is conceivable that a significant proportion of patients 
with sciatic pain are actually experiencing piriformis syn- 
drome associated with abnormalities in facet joints, sacro- 
iliac joints, etc. This might explain the high failure rates for 
current treatment modalities that only address peridural 
processes. 
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Gary Arthur Ogin, MD 
University of Colorado 
Department cf Anesthesiology 
Denver, CO 80220 
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Sciatica and the Cerebrospinal Fluid 
To the Editor: 


In relation to the report on nerve block for the relief of 
sciatic radicular pain (1) and the editorial commentary 
thereto (2), it is sobering to know that sciatica has been a 
common affliction of bipedal man as far back as recorded 
history. Indeed, the prevalence of sciatica in Naples around 
1764 coincidentally resulted in the first comprehensive 
description of the cerebrospinal (CSF) circulation (3). Ac- 
cording to Viets (4), Dominico Felice Antonio Cotugno, 
anatomist and physician, encountered a host of cases of 
sciatica soon after beginning service at the Ospedali degli 
Incurabili (“Sciatica was a common disease, filling the 
wards and the churches with its victims”). Subsequently, in 
his celebrated treatise, De Ischiade Nervosa Commentarius (5), 
Cotugno listed the causes of sciatica as previously catego- 
rized by Hippocrates (Abram’s editorial [2] covers some of 
the same ground). However, Cotugno focused on a true 
nervous form, in which the disease is localized to the sciatic 
nerve itself. He ascribed this condition to acrid. and irritat- 
ing matter in CSF that passes into the cavities as well as the 
cellular sheath around it. Therefore, his studies on the 
circulation of CSF were designed to strengthen this hypoth- 
esis. 

Parenthetically, demurrers not withstanding, it is highly 
probable that sciatic nerve block, performed with 15 ml of 
anesthetic solution, injected via the anterior approach with 
or without paresthesias, or intraneural placement, into the 
nerve vascular sheath of that great nerve results in exten- 
sive central spread of the anesthetic. Where is the addi- 
tional diffusion site of the block—epidural or subarachnoid 
space? 

Leroy D. Vandam, MD 
Department of Anesthesia 
Brigham and Women's Hospital 
75 Francis Street 

Boston, MA 02115 


References 


1. Xavier AV, McDanal J, Kissin 1. Relief of sciatic radicular pain by sciatic 
nerve block. Anesth Analg 1988;67:1177-80. 


262 ANESTH ANALG 
1989;69:260-9 


2. Abram SE. Pain mechanisms in lumbar radiculopathy (editorial). Anesth 
Analg 1988;67:1135-7. 


3. Vandam LD. Back pain and sciatica. Letter to the editor. N Engl ] Med 
1988;319:312-3. 


4. Viets HR. Dominico Cotugno: his description of the cerebrospinal fluid. 
Bull Inst Hist Med 1935;3:701-20. 


5. Cotugno D. De ischiade nervosa commentarius. Neapoli: Fratres Simio- 
nis, 1764. 


Blockade of Sciatic Nerve Branches 
Relieves Sciatic Radicular Pain 


In Response: 


We thank Drs. Durrani, Ogin, and Vandam for responding 
to our recently published report (1). Their explanations for 
the phenomenon of sciatic radicular pain relief by sciatic 
nerve block are based on the proximity of the site of 
blockade to the piriformis muscle (incidental piriformis 
block in piriformis syndrome) or the injured root (retro- 
grade block). However, we have found that blockade of the 
branches of the sciatic nerve at a significant distance from 
both the piriformis muscle and the injured root also pro- 
duces relief of the pain in sciatica. Table 1 presents five 
cases of lumbar radiculopathy (confirmed by the EMG 
study) in which we examined the effect of blockade of the 
sciatic nerve branches. In two patients, the tibial nerve was 
blocked at the ankle, and in three other patients, the tibial 
and common peroneal nerves were blocked in the popliteal 
fossa. With the tibial nerve block at the ankle, 7 ml of 1% 
lidocaine solution was used, whereas 30 ml of 0.5% bupi- 
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vacaine was administered for the tibial and common pero- 
neal block in the popliteal fossa. Change in sensitivity to 
pinprick was used as an indicator of the blockade. The 
effect of the block on pain intensity was assessed with the 
use of the visual analog scale in the low back and in the 
distribution of the sciatic nerve at three different levels: 
thigh, calf, and foot. One would not expect the block (distal to 
the site of the root injury) to abolish the perception of pain 
resulting from orthodromic transmission of ectopic impulses aris- 
ing in the injured root. However, like it was with sciatic nerve 
block (1), blockade of the sciatic nerve branches resulted in 
complete pain relief below the site of injection. It is highly 
unlikely that the local anesthetic could produce the effect by 
reaching the injured root through proximal spread of the 
drug along the tibial (peroneal) and the sciatic nerves from 
the ankle level. A direct effect of the anesthetic on the 
piriformis muscle is also excluded. 

Not less interesting was the finding of pain relief above 
the level of blockade. In all three cases with the blockade at 
the knee level, the pain disappeared not only below the 
knee, but also in the thigh area. With blockade at the ankle 
level, in one case, there was a complete pain relief in the 
sciatic nerve distribution in the foot, the calf, and the thigh. 
In the other case, the pain was completely relieved in the 
foot (from 6 to 0), decreased in intensity in the calf (from 6 
to 2), and was not changed in the thigh. In all five cases 
there was no significant change in the low back pain. The 
observation that block-induced pain relief in one area 
results in pain relief in the adjacent nonblocked areas 
suggests central nervous system involvement in the mech- 


Table 1. Effect of Neural Blockade on Pain in Lumbar Radiculopathy 





Pain intensity 
(0 to 10 scale) 


Before After 





Patient 
no. Gender/age Diagnosis Block location block block 
1 F3 Left S, radiculopathy Tibial nerve at ankle LB 8 LB 8 
T6 T6 
C6 EZ 
Ft 6 Ft* 0 
2 F97 Right L, radiculopathy Tibial nerve at ankle LB 10 LB 10 
T10 TO 
C 10 CoO 
Ft 10 Ft* 0 
3 M 45 Right S,-S, radiculopathy Tibial and common peroneal nerves LB 8 LB 8 
in popliteal fossa T9 TO 
E7 EFD 
Ft 8 Fi 0 
4 F 39 Left L; radiculopathy Tibial and common peroneal nerves LB 7 LB 8 
in popliteal fossa E7 TO 
7 C* 0 
Ft 7 Ft* 0 
5 F 38 Right L; radiculopathy Tibial and common peroneal nerves LB 7 LB 6 
in popliteal fossa $F T 0 
C3 CO 
Ft 3 Ft* 0 





“Regions with blocked nervous pathways. C = calf; F = female; Ft = foot; LB = low back; M = male; T = thigh. 
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anism of the therapeutic effect of sciatic nerve block in 
radicular pain. 

We hypothesize that the beneficial effect of sciatic block 
in chronic radicular pain depends on the two following 
pathophysiologic mechanisms underlying sciatica. First, 
sciatica depends on impulses originating peripheral to the 
injured root, most likely as a result of antidromic activation 
of nociceptors (2). Neural blockade distal to the injured root 
provides pain relief by abolishing antidromic impulsation 
and antidromically induced input from peripheral nocicep- 
tors. Second, antidromically induced nociceptive input 
leads to sensitization of the receptive cells in the central 
pain projection system that maintain chronic sciatic pain. 
Blockade of the ongoing afferent impulses results in a 
return of the central nociceptive neurons to a normal level 
of sensitivity, leading to pain relief that outlasts the dura- 
tion of the neural blockade. 

We would like to make the following comments on 
piriformis syndrome. This syndrome is uncommon. In Pace 
and Nagle’s series (1) of 750 cases from a specialized back 
clinic, only 45 patients with piriformis syndrome were 
recorded, an incidence of 6%. Piriformis syndrome often 
occurs secondary to root irritation in lumbar disc disease 
(4). The piriformis muscle relationship to the sciatic nerve is 
such that injection of a local anesthetic into the muscle can 
result in blockade of the sciatic nerve. The latter two facts 
suggest that pain relief after injection into the piriformis 
muscle may result from incidental sciatic nerve block. 
Igor Kissin, MD, PhD 
Anne V. Xavier, MD 
Judy McDanal, MD 
Department of Anesthesiology 


University of Alabama at Birmingham Medical Center 
Birmingham, AL 35294 
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“Statistical Power” and 
Interpretation of Small Studies: Does 
Atracurium Pretreatment Reduce the 
Incidence of Succinylcholine 
Fasciculations? 


To the Editor: 


We read with some statistical concern the original article (1) 
and subsequent correspondence (2) relating to the study of 
Sosis et al., which compared the use of atracurium and 
d-tubocurarine in the prevention of succinylcholine- 
induced fasciculation and myalgia. Our concern relates not 
to the statistical methods used (the primary responses were 
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binary [fasciculation y/n, myalgia y/n], and, in view of the 
small numbers, there was little option but to use Fisher’s 
exact test) but rather to the failure of the original authors 
and the subsequent correspondents to recognize the diffi- 
culty of making inferences from small studies such as this. 

The problem arises from the lack of “power” of small 
analyses—“power’” being the ability of a statistical analysis 
to detect a true effect if it really exists. It is therefore of 
interest to estimate the approximate “power” of the Sosis 
analysis: if one considers the comparison between atracu- 
rium and normal saline in the prevention of fasciculation 
(the comparison of prime interest to the correspondents), 
then, given that the observed proportion of fasciculating 
cases in the normal saline group was around 80%, one can 
approximately calculate the power of the analysis to detect 
a true halving of the fasciculating rate to 40% in the 
atracurium group. Using standard formulas (3) and accept- 
ing P < 0.05 as the defined level of statistical significance, it 
is possible tc estimate that the Sosis study had only a 64% 
chance of detecting even such a large effect as this, and, 
although this may appear reasonable, it should be recog- 
nized that the tossing of a coin carries an implicit power of 
50%. Thus, even if atracurium did beneficially influence 
fasciculation it should come as no surprise that this study 
was unable to demonstrate the benefit. 

Like the first correspondents, we too have reanalyzed 
the Sosis data. However, contrary to their results, we find 
that a one-tailed Fisher's test (calculated both by hand and 
by computer) provides a P value of 0.089 (not 0.043) for the 
difference of interest, and, in any case, it is more appropri- 
ate to use a two-tailed test in this instance. Although this 
result is not of a magnitude sufficient to permit outright 
rejection of the null hypothesis (that no true difference 
exists between atracurium and normal saline in the control 
of succinylcholine fasciculation), we do not draw the con- 
clusion that atracurium does not reduce~fasciculation but 
rather that this study is of an inadequate size to reliably 
detect such an effect—a distinction that has important 
practical implications. 

Paul Burton, BSc, MRCP 
Jennifer Kurinczuk, BSc, MB, ChB 
Department of Community Health 
University of Leicester 

Leicester LE2 7LX 

United Kingdom 

Eric De Melc, MB, ChB 
Department of Anaesthetics 
Leicester Royal Infirmary 
Leicester LE] SWW 

United Kingdom 
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Venous Air Embolism during 
Hip Arthrography 


To the Editor: 


A 6-kg 3-month-old female with chronic left hip sublux- 
ation was scheduled for an examination under anesthesia, 
a double contrast left hip arthrogram, and placement of a 
hip spica cast. The child was delivered at 38 weeks’ gesta- 
tion by cesarean section without complications and had a 
normal perinatal course. Physical examination before sur- 
gery was unremarkable. 

Anesthesia was induced by mask with halothane/nitrous 
oxide/oxygen and a 22-gauge intravenous cannula was 
placed in a left wrist vein. Atropine (0.12 mg) and atracu- 
rium (3 mg) were given intravenously, followed by intuba- 
tion with a 3.5-mm uncuffed tube. Anesthesia was main- 
tained with 35% O,/65% NO, and 0.5 to 1% halothane. 
Monitors included an electrocardiogram (ECG), blood pres- 
sure cuff, precordial stethoscope, pulse oximeter, and a 
rectal temperature probe. The ECG showed a sinus rhythm 
at 160 beats/min. Arterial oxygen saturation was 99%, and 
blood pressure was 88/50 mm Hg after induction and 
intubation. 

A left hip arthrogram was performed by inserting a 
22-gauge needle, using an anterolateral approach. Two 
5-ml injections of air were used to confirm correct needle 
placement. Two to 3 min after the second injection, a 
millwheel murmur was heard over the precordium, fol- 
lowed by a precipitous decrease in oxygen saturation (to 
85%), blood pressure (to 65/30 mm Hg), and heart rate (to 
70 beats/min). The ECG showed an atrioventricular 2:1 
conduction block in lead II. The patient’s lungs were 
immediately ventilated with 100% oxygen, the halothane 
was discontinued, and 0.1 mg of atropine was given 
intravenously. The atropine was repeated after 30 s. Ap- 
proximately 2 min later, blood pressure increased to 100/65 
mm Hg, the heart rate returned to 160 beats/min in sinus 
rhythm, and the oxygen saturation returned to 99%. At the 
same time, the murmur resolved. The remainder of the 
anesthetic course was uneventful. The child was extubated 
in the operating room, fully alert and grossly neurologically 
intact. The postanesthetic course was unremarkable, and 
the child was discharged from the hospital the next day. 

This case describes the danger associated with such a 
supposedly routine procedure. Fortunately in our case, a 
disastrous outcome was avoided. We would like to reem- 
phasize that early detection of a venous air embolism does 
not preclude the absence of a major morbidity or mortality, 
which obviously is determined by a myriad of variables not 
controllable by the anesthesiologist. More importantly, we 
need to continue to educate orthopedic surgeons about the 
inherent danger of injecting air into a joint (1,2), and 
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encourage the use of more soluble agents such as CO,, 
NO, or even H,O as contrast mediums. 


Richard G. Hetherington, Do, and 
Patrick M. McQuillan, MD 
Department of Anesthesiology 

Naval Hospital 

Portsmouth, VA 23708-5800 
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Cimetidine in Anaphylactic Shock 
Refractory to Standard Therapy 


To the Editor: 


Anaphylaxis, the most severe form of an allergic reaction, 
can occur after the administration of many drugs in the 
operating room. Recently, H, blockers have been reported 
to be effective in the treatment of acute allergic reactions 
(1-3). We now report a case of anaphylactic shock due to a 
cephalosporin that improved dramatically with the admin- 
istration of cimetidine. 

A 48-year-old, 65-kg female was admitted to the hospital 
for repair of a perilymphatic fistula in the left ear. Prior 
medical and anesthetic history was unremarkable. There 
was no history of drug allergies. Physical examination was 
unremarkable. 

The patient was brought to the operating room follow- 
ing oral premedication with 10 mg of diazepam. Anesthesia 
was induced with 250 mg thiopental and intubation was 
facilitated by 6 mg vecuronium. Anesthesia was maintained 
with 60% nitrous oxide, 40% oxygen, and 1% isoflurane. 

Before the incision was made and while vital signs were 
stable (blood pressure 120/80 torr; heart rate 80 bpm), the 
surgeon requested that we administer one gram of cefur- 
oxime (a broad spectrum cephalosporin) IV. The agent was 
diluted in 100 mL of normal saline and an IV infusion 
started. When the surgeons were ready to begin the oper- 
ation and when approximately 50 mL of the antibiotic 
solution had been administered, the blood pressure sud- 
denly decreased to 40/20 torr, and the heart rate increased 
to 150 bpm. At the same time, the patient developed a 
severe diffuse erythema. 

Administration of the antibiotic was immediately 
stopped, anesthetic agents were discontinued, and 100% 
oxygen was administered. Rapid administration of IV fluids 
was begun, and 15 mg mephentermine along with 0.5 mg 
epinephrine were administered IV. Blood pressure and 
heart rate remained unchanged, and an additional 0.5 mg 
epinephrine was administered IV, along with 50 mg di- 
phenhydramine and 250 mg hydrocortisone. After a few 
min without response, an epinephrine 1:1000 infusion was 
started at a rate of 4 ug/min. The blood pressure increased 
to 70/40 torr, but the heart rate remained 140 bpm. By this 
time 2000 mL of crystalloids had been administered. A 
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decision was made then to administer 300 mg of cimetidine 
IV. This was given over 10 min, during which time the blood 
pressure returned to 110/70 torr, and the heart rate stabilized 
at 90 bpm. Epinephrine was discontinued. No wheezing or 
bronchospasm occurred during the event. The erythema 
though, persisted for 24 hours. The patient was discharged 
from the hospital five days later without further problems. 

Cimetidine, an H, receptor antagonist, has been widely 
used in the treatment of gastric and duodenal ulcers since 
1971 (4-7). Many authors have reported the benefits of H, 
receptor blockers for chronic idiopathic urticaria (5-7). The 
advantages of the combination of H, and H, receptor 
blockers have also been reported (8-10). 

We could find no report on use of H, blockers in the 
treatment of anaphylactic shock occurring intraoperatively. 
Exactly how or why H, blockers function in anaphylaxis is 
not known. It is now widely accepted, however, that 
human cutaneous vessels contain both H, and H, receptors 
and that histamine effects on these receptors is considered 
the mechanism involved (9,11,12). Recently, Plaut de- 
scribed several possible effects of H, antihistamines on 
immediate hypersensitivity reactions (13). He believes that 
H, blockers may act synergistically with H, antihistamines 
on vascular receptors, block H, antiinflammatory receptors, 
inhibit histamine metabolism, promote catecholamine re- 
lease, induce histidine decarboxylase, and change H, re- 
ceptor turnover rate (13). 

Several questions remain unanswered in our case. What 
really made the patient get better? Was it the H, blocker 
itself? Was it the H, blocker combined with the other 
treatments? Would the patient have recovered without the 
H, blocker? We do not have ‘answers to these questions, 
although the addition of cimetidine appeared to restore a 
normal blood pressure and allow discontinuation of phar- 
macologic pressure support. 

In summary, we describe a case of anaphylaxis refrac- 
tory to standard therapy in which the use of an H, blocker 
restored hemodynamic stability. Further studies are war- 
ranted to explore the use of cimetidine in the treatment of 
anaphylaxis. 

Hernando De Soto, MD 
Paul Turk, Mp 

Medical College of Georgia 
Augusta, GA 30912-2277 
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The Effect of Fingerprinting Ink on 
Pulse Oximetry 


To the Editor: 


Cote et al. (1) demonstrated that black nail polish may 
produce factitious decreases in hemoglobin oxygen satura- 
tion measured by a pulse oximeter probe applied to the tip 
of a finger. We have noted that black ink (used to finger- 
print mothers after delivery) has a similar effect, as would 
be expected from its absorption spectrum. 

If the oximeter probe is not completely cleaned after 
fingerprinting, worrisome SaO, readings may result. 

After we noticed decreased SaO, readings (SaO, = 
93-95%, with an inspired oxygen concentration of 1.0) on 
several occasions after delivery by cesarean section, differ- 
ential diagnosis ruled out most causes except amniotic fluid 
or air embolism. After cleaning the probe light emitter and 
detector with alcohol wipes and placing the probe on a 
different finger, the oximeter immediately indicated an 
SaO, of 99-100%. The probe must be placed on a different 
finger because even after alcohol cleansing, all of the black 
ink may not be removed from the skin. 

Oximeter probes should not be placed on the same 
fingers that have been fingerprinted. In addition, the 
probes used during labor and delivery should be cleaned 
regularly to record accurately. 


Michael F. Battito, mp 


Department of Anesthesiology 
University of Alabama at Birmingham 
Birmingham, AL 35233 
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Pulse Oximetry Probe Disconnection 


To the Editor: 


Pulse oximetry in the operating room and during transpor- 
tation of the postoperative patient is now recognized as 
valuable, if not essential, monitoring. Because the pulse 


266 ANESTH ANALG 
1989;69:260-9 





oximetry probes are usually placed on the patient's finger 
or toe, the connection between the pulse oximeter cord and 
the pulse oximeter probe is often located beneath the 
surgical drapes and is not visible to the anesthesiologist. 
Because this is a simple push connection, it is easy for a 
disconnection to occur as a result of patient movement or 
the surgeon’s manipulation of the surgical drapes. 

To circumvent this problem, we have attempted to tape 
the connection; because of the design of the connecting 
parts, however, this was not effective in preventing a 
disconnection. We have found, instead, that a simple 
rubber band, placed as illustrated in Figure 1, markedly 
decreases the incidence of pulse oximeter disconnection. 
This technique, while very simple, improves our ability to 
monitor patients with the pulse oximeter and results in 
fewer dives under the drapes to reconnect the cable and 


probe. 


Dennis F. Landers, MD, PhD 
Myrna C. Newland, MD 
Laurence Wolpert, Do 
University of Nebraska Medical Center 
42nd and Dewey Avenue 

Omaha, NE 68105 


An Anesthetic Adapter for All 
Metered Dose Inhalers that Is 
Readily Available to All 


To the Editor: 


Recently, Gold and Marcial (1) reported on a low cost 
adapter to apply metered dose inhalers (MDIs) to the 
anesthesia circuit; however, with this technique, either the 
anesthesia circuit must be disconnected periodically or a 
piece of custom plasticware, which produces additional 
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Figure 1. Rubber band placement on pulse oxim- 
eter cord and pulse oximeter probe. 


deadspace, must be purchased and added to the circuit. We 
report on an alternative adapter made possible by the 
advent of sampling analyzers, such as capnographs or mass 
spectrometers, for which many anesthesia circuits now 
contain a T-piece adapter. This T-piece usually contains a 
female Luer-lock side port close to the endotracheal tube, 
where gas is sampled. This is an ideal location to administer 
drugs by means of MDIs. 

The adapter we devised is inexpensive and easily made 
and, thus, readily available. A tuberculin syringe is cut at 
the 0.05-ml mark (approximately 0.33 cm from the neck) 
after the plunger is removed. When the sampling line has 
been disconnected, the altered syringe is placed vertically 
in the Luer-lock opening. This insert narrows the inside 
diameter of the T-piece enough to allow the MDI to be 
pressed into position and activated (Fig. 1). With inhala- 
tion, single or multiple puffs can be administered easily 
with the MDI. The plunger from the tuberculin syringe can 
be used to temporarily plug the adapter. After several 
breaths are delivered, the adapter is simply removed and 
the sampling line reconnected. 

There are several important considerations when atom- 
ized drugs are introduced into an anesthesia circuit by an 
MDI. First, the patient should be disconnected from the 
analyzer, mass spectrometer, or capnograph while the drug 
is administered because the carrier gas in many MDIs 
causes erroneous mass spectrometry readings (2). Also, 
such carrier gas could contaminate or occlude the in-line 
filter of some analyzers. Second, it is easy to keep the MDI 
canister vertical, which ensures uniform and accurate dos- 
ing. Third, agents can easily be given at the beginning of 
inspiration, as close to the endotracheal tube as possible, to 
ensure optimal delivery to the lungs. Last, this adapter is 
easily made from readily available, inexpensive, disposable 
equipment, and using it does not require glue, additional 
holes in the circuit, or any other special adjustment. 
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Figure 1. By means of a T-piece adapter (A) and a 
modified tuberculin syringe insert (B), a metered 
dose inhaler canister (C) can be applied to the 
anesthesia circuit to administer the drug. 


Adolph J. Koska II, Mp, PhD 
David G. Bjoraker, MD 

Department of Anesthesioiogy 

University of Florida College of Medicine 
Gainesville, FL 32610-0254 
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Inability to Thread Epidural Catheter 
through Epidural Needle 


To the Editor: 


We would like to report a case in which we were unable to 
pass an epidural catheter through the epidural needle. 
After placing the tip of the needle into the lumbar 
epidural space, using the loss of resistance technique, in a 
patient about to undergo a cesarean section, we were 
unable to pass the epidural catheter into the needle pro- 
vided in our Portex epidural kit. The 15-gauge catheter 
provided in the kit is designed to pass through the 17- 
gauge thin-walled epidural needle, also supplied in the kit. 


Figure 1. The 17-gauge thin-walled epidural 
needle between the ep:dural catheter and the 
18-gauge needle packaged in the Portex epidural « 
kit. 
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The needle was removed from the back and found to be an 
18-gauge epicural needle. 

Another Portex epidural kit was opened, and the epidu- 
ral space was relocated using the 17-gauge thin-walled 
needle. The catheter was passed without difficulty, and the 
case proceeded without any untoward outcome. Figure 1 
shows a photograph of the 17-gauge thin-walled epidural 
needle placec. between the epidural catheter and the 18- 
gauge needle packaged in the kit. 

After discussing this case among the residents, it be- 
came apparert that this was not an isolated incident. Two 
residents reported they had also encountered situations in 
which they were unable to pass the epidural catheter 
through the epidural needle. One resident opened another 
kit, as was done for this patient. The other resident solved 
the problem by locating a 20-gauge epidural catheter, 
which he was able to thread through the needle already in 
place in the patient’s epidural space. 

We report this incident because it is not a common 
practice to check the needle and catheter sizes, because the 
epidural kit is designed with compatible needles and cath- 
eters. In addition, it is not recommended to pass the 
catheter through the needle in advance for fear of shearing 
the catheter Curing withdrawal from the needle. We rec- 
ommend that the imprint on the hub of the needle should 
be examined to ensure that the needle is the appropriate 





size. This should be done before inserting the needle into 
the back. 


David T. Seitman, MD 
Bryan E. Shapiro, mp 
Department of Anesthesiology 
Hahnemann University Hospital 
Philadelphia, PA 19102 


Aminophylline Reversal of 
Midazolam Sedation 


To the Editor: 


Aminophylline has been reported to reverse the sedative 
effects of diazepam, flurazepam, lorazepam, and fluni- 
trazepam (1-5). The effect on midazolam—a new shorter 
acting benzodiazepine—has not been reported. The three 
case reports presented here demonstrate aminophylline 
can also be used to antagonize the sedative effects of 
midazolam. 


Case 1 


A 25-year-old ASA I, 84-kg man underwent incision and 
drainage of a retromolar abscess under general anesthesia. 
The only medication he received was 2 mg of midazolam IV 
15 min preoperatively and 1 mg of midazolam during the 
40-min procedure. He was unable to be aroused at the end 
of the case and could not maintain his airway. Aminophyl- 
line (1 mg/kg) was given IV over 30 sec. The patient became 
arousable within 1 min and able to maintain his airway. By 
2 min he was alert and awake. 


Case 2 


A 48-year-old ASA 2, 68-kg man underwent lithotripsy for 
kidney stones. The anesthesia consisted of an epidural with 
2% lidocaine. He received a total of 4 mg of midazolam IV 
over the course of the 1.5-hr procedure. In the recovery 
room he became somnolent with obstructed breathing. 
Aminophylline 1 mg/kg was given IV over 30 sec. Within 2 
min the patient was awake and alert with an excellent 
airway. 


Case 3 


A 25-year-old ASA I, 85-kg man underwent drainage of a 
peritonsillar abscess. Premedication included midazolam 
2.0 mg, fentanyl 25 ug, and glycopyrrolate 0.2 mg IV. 
Thirty minutes later at the conclusion of the operation he 
was not arousable. Naloxone (0.4 mg) was given IV with no 
change over 5 min. Aminophylline (1 mg/kg) was then 
given IV over 30 sec. The patient became arousable within 
2 min and by 3 minutes was awake and talking. 
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That aminophylline reverses the sedative effects of mi- 
dazolam is perhaps not surprising given its ability to 
reverse the effects of other benzodiazepines. However, 
until specific benzodiazepine antagonists currently being 
developed are released, it is nice to know that aminophy}l- 
line is useful in reversing the sedative e-fects of midazolam, 
too. 


Jonathan S. Gallen, Mp 
Department of Anesthesiology 
Georgia Baptist Medical Center 
Atlanta, Georgia 
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severe Lightning Pain after Spinal 
Anesthesia in a Patient with 
Tabes Dorsalis 


To the Editor: 


We recently observed severe lightning pains postopera- 
tively during spinal anesthesia in a pacient who was diag- - 
nosed as having tabes dorsalis. A 62-vr-old, 55-kg male was 
scheduled for surgical repair of the right tibial and fibular 
fractures. He had previously undergone spinal anesthesia 
twice, 4 and 5 yr ago, with an uneventful perioperative 
course. After premedication with 100 mg of intramuscular 
hydroxyzine and 0.5 mg of atropine sulfate, lumbar punc- 
ture was performed at the L4-5 interspace with a 23-gauge 
needle in the lateral position. Cerebrospinal fluid (CSF) 
from the needle was clear and 2.2 mL of Neo-Percamin $ 
(combination of 0.24% dibucaine with 0.12% p-butylami- 
nobenzol-dietylaminoethanol) was injected over 30 sec. 
After keeping the patient in the lateral position for 5 min, 
he was turned to the supine position. Sensory loss mea- 
sured by pinprick using a 25-gauge ne2dle was at the T-12 
dermatomal level 20 min after the intathecal injection of 
the solution. On lifting the right leg for sterilizing by the 
surgeon, the patient complained of severe lightning pains 
in both legs and buttocks. He started crying in pain, 
thrashing his arms about, and pounding his head against 
the pillow. Partial relief of the pain was achieved by the 
intravenous injection of pentazocine, but the pain com- 
pletely regressed only 3 hr after the intrathecal injection as 
the spinal anesthesia wore off. 

On physical examination postopezatively, stretch re- 
flexes, especially the Achilles and patellar tendon reflexes 
were diminished. Argyll Robertson pupils and Romberg’s 
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sign were present. The serologic tests for syphilis, includ- 
ing Wassermann test and Treponema pallidum hemaggluti- 
nation assay were also positive. The CSF was not exam- 
ined. 

Tabes dorsalis is a slowly progressive degenerative dis- 
ease involving the dorsal roots and posterior columns of the 
spinal cord. Sudden and severe lightning pains involving 
many organs are a characteristic part of the symptoms. 
How and why the lightning pains of tabes were triggered 
by the spinal anesthesia in this patient is not clear but 
anesthesiologists should be aware of the possibility of such 
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a complication if spinal anesthesia were, despite its being 
contraindicated, accidentally given to a patient with tabes. 


Daisuke Sugivama, MD, PhD 
Katsuya Nobuhara, MD, PhD 

ts of Anesthesia and Orthopedics 
Nobuhara Hospital 
Hase, Issai, Tatsuno, Hyogo, Japan 
Nobuhiro Maekawa, MD, PhD 
Hidefumi Obara, MD, PhD 
Department of Anesthesiology 
Kobe University School of Medicine 
Kusunokicho-7, Chuoku, Kobe, Japan 
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Book Reviews 


Cancer Pain 
Stephen E. Abram, Boston: Kluwer Academic Publishers, 
1989, 173 pp, $69.95. 


Pain—unnecessary pain—is the sad fate of most cancer 
patients; all the sadder because of our own failure to cope 
adequately with the need for ever larger doses of narcotics, 
the suffering associated with the diagnosis of cancer, and 
the emotional impact of disease and pain on patient and 
family. It is said that up to 85% of terminal cancer patients 
suffer intolerable pain. Anything we as physicians can 
contribute to lessen both nociception and terminal suffering 
will be rewarded by a patient capable of facing certain death 
with gratitude for not having to suffer needlessly. 

This tightly written informative publication in the Cur- 
rent Management of Pain series introduces the multidiscipli- 
nary approach to management of cancer pain. Dr. Abrams 
has devoted his life’s work to caring for patients in pain, 
especially patients with cancer pain. This slim volume is a 
testimonial to his ability to focus interdisciplinary effort on 
the central problem of cancer pain. Dr. Abram’s chapter on 
nonneurolytic nerve blocks not only is hands-on practical, 
but also reflects the insight, gained in his years of practice, 
that nerve block therapy is but a part of total cancer pain 
management. 

The reader is introduced to staged analgesic medication 
tailored to the patient’s increasing needs and progression of 
disease. Other modalities: surgery, radiation, chemother- 
apy, electrical stimulation, hormonal therapy, and psycho- 
logic and pastoral counseling are nicely integrated into the 
whole to provide a balanced perspective on a difficult and 
emotionally laden topic. Missing, regrettably, is a chapter 
on cancer pain management in children. 

I found the chapter on intraspinal narcotics by Coombs 
particularly effective in teaching pain management, for it 
speaks not only of successes, but also of failures. We have 
to accept that “intraspinal” narcotics can not reliably relieve 
deafferentation pain, and that procedural side effects re- 
main troublesome issues. Neuroablative’ procedures, 
whether surgical or neurolytic, do have a unique place in 
managing intolerable terminal pain. Nevertheless, any ir- 
reversible procedure carries with it complications and risks 
that need to be fully understood by patient and family. Dr. 
Quimby’s chapter on the medicolegal hazards of these 
procedures points out the need to spend time, use plain 
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words, and document not merely consent, but fully in- 
formed consent. 

In just 170 pages, Dr. Abrams and his contributors have 
pulled together a well-balanced overview of managing 
cancer pain. This slender book should be available to house 
staff, required reading for pain fellows, and be in the 
personal library of any physician wishing to offer the full 
range of pain management to patients with cancer pain. 
While I may not think as much of placebo injections as Dr. 
Abrams (if it relieves pain, who cares if you used saline or 
lidocaine?), I found the book a sobering guide in working 
with cancer patients, a comfort in communicating with 
oncology colleagues, and an excellent introduction to the 
interdisciplinary approach for house staff and students 
rotating through the pain service. 


Rudolph H. de Jong, MD 
Department of Anesthesiology and Psychiatry 
Interdisctplinary Pain Management Center 


Medical College of Georgia 
Augusta, Ga 


Anesthesia and the Heart Patient 
Fawzy G. Estafanous, ed. Boston: Butterworths, 1989, 367 
pp, $65.00. 


This volume, an outgrowth of the second international 
symposium “Anesthesia and the Heart Patient’ held in 
November 1986, consists of 42 chapters contributed by 51 
authors, of whom 14 are staff members of the sponsoring 
institution, the Cleveland Clinic. The preface states that it is 
“not a general textbook... but rather a forum for the 
presentation and exchange of the latest knowledge, clinical 
experiences, and patient managemen: practices of distin- 
guished experts from leading centers around the world.” 
Indeed, many of the best-recognized clinicians and inves- 
tigators in cardiac anesthesia today are among the authors. 

The book has the expected chapters covering use in the 
cardiac patient of inhalation anesthetics, benzodiazepines, 
opiates, muscle relaxants, antiarrhythmics, inotropes, va- 
sodilators, and adjuvant drugs. The ckapters on managing 
specific disease entities emphasize facets of coronary artery 
disease, including catheterization, thrombolytic therapy, 
angioplasty, coronary artery bypass, ventricular mapping, 
and ventricular aneurysmectomy. There are also excellent 
chapters on congenital heart surgery, cardiac transplanta- 
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tion, aortic aneurysmectomy, carotid endarterectomy, and 
major vascular and thoracic surgery. Some general topics 
pertaining to cardiac surgery are given more detailed treat- 
ment than they are in conventional textbooks, including 
myocardial protection, heparin and protamine effects, 
blood conservation, reoperative surgery, myocardial fail- 
ure, mechanical assist devices, monitoring, and selected 
postoperative problems. 

A major strength is that the book provides insights and 
practical recommendations derived from the vast institu- 
tional and individual experience of many of the authors. 
Another strength is the perspective added by the 13 sur- 
geons, cardiologists, and other nonanesthesiologist au- 
thors. I was disappointed not to see more space devoted to 
valvular surgery, pacemakers, implanted cardioverter/ 
defibrillators, and intraoperative echocardiography. 

The book is only slightly marred by the usual shortcom- 
ings of multiauthorship—repetition and uneven style and 
quality of the chapters. The editing and production is 
generally good, although I found a few glaring errors of 
substance. The material is fairly up-to-date, with some 
chapters having references as recent as 1988. The 1989 
copyright date is misleading, however, as I received the 
review copy in November 1988. 

This book fills an important gap between cardiac anes- 
thesia textbooks and the relevant journal articles widely 
scattered in the anesthesiology, cardiology, cardiac sur- 
gery, and pharmacology literature. It would be a useful 
addition to the library of any hospital where major cardio- 
vascular surgery is performed. It should be “must” reading 
for those doing fellowship training in cardiac anesthesia, 
because it goes beyond the textbooks in providing in-depth 
coverage and practical guidelines about some of the major 
problems facing the subspecialty. To the budding clinical 
investigator it may also suggest directions for research, and 
it would be a most useful refresher for the experienced 
practitioner. 


G. Bashein, MD, PhD 
Department of Anesthesiology 
University of Washington 
Seattle, Wash 


Clinical Anatomy for Anesthesiologists 
Richard S. Snell and Jordan Katz. East Norwalk, CT: 
Appleton and Lange, 1988, 328 pp, $95.00. 


This book is intended to provide the anesthesiologist with 
the basic knowledge of anatomy necessary for practicing 
anesthesiology. The scope of the book has been limited by 
including only selected organ systems and subunits of the 
body. To adopt this approach requires a judgment as to 
what is the more important material to include. The authors 
have included nine chapters: two on the respiratory system 
(61 pages), one on the cardiovascular system (56 pages), 
one on the vertebral column (34 pages), four on the nervous 
system (134 pages), and one covering reception of pain and 
control of muscular activity (26 pages). 
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The chapters are well illustrated. Most commonly the 
illustrations are black and white line drawings, but in every 
chapter color has been used successfully in certain of the 
drawings to enhance points being made. There are also 
photographs, radiographs, photomicrographs, and com- 
puted tomography scans. The authors clearly have insight 
into anesthesia practice, in that, in many instances they 
have selected illustrations that cover areas of anatomy that 
practitioners as well as physicians-in-training find perplex- 
ing. 

Even though the scope of the book has been limited by 
including chapters only on certain systems, within some of 
the areas included the authors still appear to have had 
difficulty in deciding what to exclude. This apparent di- 
lemma appears to have been handled by including many 
topics but making the description short and very terse. This 
is particularly true in the chapter on the autonomic nervous 
system. In some instances a knowledge beyond what most 
practitioners and students of anesthesiology may have is 
required to follow and understand the terse descriptions 
provided. 

The goal of the authors to emphasize the practical 
application of anatomical facts to anesthesiology has been 
achieved to a limited extent; one would hope later editions 
will add even more practical applications. At the end of 
each chapter there are two to four pages of clinical notes 
followed by 10-12 clinical problems (usually brief case 
histories) and the anatomical explanation relating to the 
clinical findings. Many of these are directed at what ap- 
pears to be a basic level rather than at the level of the 
practicing anesthesiologist. 

The inclusion of a separate chapter on the autonomic 
nervous system is an excellent idea and reflects that the 
authors appreciate the difficulty of this system and the need 
anesthesiologists have in understanding it. The brevity of 
the coverage of some areas and the writing style selected 
may limit the usefulness of this chapter. The writing style 
which uses the verb “give” or “join” (e.g., page 263 and 
elsewhere to describe the origin and/or course of nerve 
branches) makes understanding more difficult, particularly 
when the order of anatomical structures given in the 
sentence is opposite to the direction in which impulses pass 
in the nerves. 

The book contains a wealth of information. It is more 
likely to be found useful by anesthesiologists needing a 
refresher course than by students or residents. 


Duane K. Rorie, MD, PhD 
Department of Anesthesiology 
Mayo Clinic and Mayo Foundation 
Rochester, Minn 


Anatomy for Anaesthetists (fifth edition) 
Harold Ellis and Stanley Feldman. Boston: Blackwell 
Scientific Publications, 1988, 376 pp, $75.00. 


This text was written originally to help prepare candidates 
taking the primary FFARCS when anatomy was one of the 
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three principal subjects. The thrust of the current edition is 
to attempt to provide the detailed anatomical knowledge 
that anesthetists need as a background to their daily work. 
To accomplish this goal, the entire text has been revised 
and a number of the 217 figures revised. Most of the figures 
are black and white line drawings, but some have color 
features to emphasize specific points. The drawings are 
well labeled and are effective in helping readers grasp the 
points being made. 

To accomplish their goals, the authors have covered the 
respiratory system, heart, and peripheral nerves in consid- 
erable detail. The section on peripheral nerves contains 
chapters on the autonomic nervous system and the anat- 
omy of pain. A section covering the vertebral canal and its 
contents is also included. 

The book has an interesting section at the end called 
“Zones of Anesthetic Interest.” This section contains infor- 
mation on a multitude of topics of interest to anesthesiolo- 
gists, several of which relate anatomy to many of the 
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technical procedures anesthesiologists perform. While this 
section contains an abundance of practical anatomy, prac- 
tical applications of anatomy are not limited to this section 
but rather are interspersed throughout all of the chapters. 

A strong point of this book is the excellent style in which 
it is written; it flows well and is very easy to read. The 
anesthesiologist educated in the United States will, how- 
ever, occasionally find unfamiliar anatomical terminology. 
While this may serve to broaden one’s knowledge, the use 
of the term “theca” to refer to the brachial plexus sheath 
was sufficiently different that it served to slow my reading 
pace. Overall, I did not find the difference in terminology a 
major problem. 


Duane K. Rorie, MD, PhD 
Department of Anesthesiology 
Mayo Clinic and Mayo Foundation, 
Rochester, Minn 





The Anesthesiology Boards Review Course 
*September 4-9, 1989 — Ft. Lauderdale 


*April 16-21, 1990 — Dallas 


Now, your only broad review just before Written and Oral Exams 
Participants rate this course better than any they have attended 


OBJECTIVES 


e Improve basic and clinical knowledge in anesthesiology 


è Assist residents and fellows in organizing study 
è Prepare candidates to take examinations 


e Provide practicing anesthesiologists with a review and update 


METHODS 


e HOME STUDY MATERIALS consisting of a syllabus of 
questions with assignments and answers 
e SEMINAR with projection slides and syllabus 


e PRACTICE EXAMS with oral and written parts 


* Sept. 4-9 (live) and Sept. 10-13 (video replays) and Sept. 10-11 (optional extra mock oral exams); similar additions in April 1990 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


PHYSIOLOGY 
Respiratory Physiology 
Cardiovascular Physiology 

‘Neurophysiology 
Hepatic Physiology 
Renal Physiology 

Acid-Base and Blood Gas 
Endocrine Physiology 

Thermoregulation 


PHARMACOLOGY 
Pharmacokinetics 


Inhalation Anesthetics 
Intravenous Anesthetics 
Muscle Relaxants 
Autonomic Drugs 

Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


PHYSICAL SCIENCES 
Applied Anatomy 


Physics and Gas Laws 
Anesthesia Machines 
Instrumentation 
“fonitors and Ventilators 
‘eathing Systems 
2fibrillators and Pacers 


FUNDAMENTALS 
Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease 
Metabolic Disease 
Recovery Room 


REGIONAL ANESTHESIA 
Local Anesthetics 


Autonomic Blocks 

Spinal and Epidural Blocks 
Caudal Blocks 

Upper Extremity Blocks 
Lower Extremity Blocks 
Chronic Pain Management 


SPECIALTY AREAS 
Obstetric Anesthesia 


Pediatric Anesthesia 
Cardiac Anesthesia 
Thoracic Anesthesia 
Neuroanesthesia 
Opthalmic & E.N.T. 
Geriatric and Outpatients 
Critical Care 


Ezzat Abouleish, M.D. 
University of Texas at Houston 
Soloman Aronson, M.D. 
University of Chicago 

Jonathan Benumof, M.D. 
University of California at San Diego 


George Bikhaze, M.D. 
University of Miami 


T. Andrew Bowdle, M.D., Ph.D. 


University of Washington 
Eugene Y. Cheng, M.D. 
Medical College of Wisconsin 
Hernando DeSoto, M.D. 
Riverside Hosp., Jacksonville, FL 
Elizabeth Frost, M.D. 
Albert Einstein College of Medicine 
Allen Hord, M.D. 

Emory University 

Joseph Johnston, M.D. 
Medical College of Georgia 
Terence Murphy, M.D. 
University of Washington 
Nathan Pace, M.D. 
University of Utah 

Danae Powers, M.D. 
Emory University 

Michael Ritter, M.D. 
Emory University 

Bruce Schreider, M.D., Ph.D. 
University of Chicago 

Daniel Siker, M.D. 
Medical College of Wisconsin 
Theodore Smith, M.D. 
Loyola University of Chicago 
Albert Varnon, M.D. 
University of Miami 

Marcelle Willock, M.D. 
Boston University 

Kenneth Zahl, M.D. 
Mount Sinai School of Medicine 


Limited Enrollment: ANESTHESIOLOGY COURSE REVIEW REGISTRATION 


Name 





Address 





City/State/Zip 
Phone 


P.O. Box 2218 


Mail today to: 


1094 Dawn Lane, Dept. AA8 


Terre Haute, IN 47802 





For: [_] Sept. 4-9, 89 — Ft. Lauderdale 
C] April 16-21, 1990 — Dallas 
[_] July 7-12, 1990 — Chicago 

C] Check enclosed for $ 


[] Please send more information 


: 
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"Accommodations were comfortable...."* 


GOALS AND LOCATION: This course is 
tohelp you pass your board exams. It is held 
the week before and in the same city as oral 
boards and alsoin Chicago the week before 
written exams. You will receive home 
study material upon registration. Your 
best value is to repeat the course for half 
price the week before both written and oral 
exams. In Ft. Lauderdale it will be at the 
Sheraton Bonaventure - a world class con- 
ference center and resort — $92 Single; 
$112 double. Breakfast, lunch and breaks 
are included. 


"and those little ectras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-843-1220 and identify yourself 
with this Osler course. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For practice 
opportunities write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND C.M.E. CREDITS: 

è Continuing Medical Education 60 hours 
e Practicing Anesthesiologists: $660 
è Residents and Fellows: $440 


eè Repeating course within 3 years: half price 

e Extra Practice Orals (Sept. 10-12) $120/day 

è Add 10% within 10 days of the course. 

e Attendees not in course hotel add $60. 

e Deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half the registration fee is received. 


"home study material was extremely helpful."* 


REFUNDS: Subject to $50 fee, refunds 
will be made until the seminar begins. 
eCancellation after mailing home study 

material requires retention of half of the fee. 


"I feel [the course] helped me pass ...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 





The first pres rvative-fre- 
morphine sulfate worthy 
of sharing the Astra name 





Astramorph PF C 


(morphine sulfate injection, USP) 
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K i ik: 


Æ Preservative-free solutions 
Æ 0.5 mg/mL and 1 mg/mL dosage forms 
Æ 10 mL E-Z OFF™ vials—also 2-mL and 10-mL ampules 
Æ intrathecal dosage form—1-mg, 2-mL ampule 


Æ Tamper-evident “porthole” packaging 
@ Proven, reliable Astra quality 
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